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PART A

ELEMENTS OF THE OPERATING AND

MAINTENANCE PLAN



1.0 INTRODUCTION

This Operations and Maintenance Plan (O&M Plan) specifies the procedures and actions that
must be conducted for all affected sources under Subpart LLL of Title 40 of the Code of Federal
Regulations Part 63 (40 CFR 63), and their associated air pollution control devices (APCDs), if
applicable. The procedures in the O&M Plan, for proper operation and maintenance of affected
sources and APCDs, are specified to ensure compliance with the applicable emission limits and
operating limits of Subpart LLL.

The O&M Plan is designed to be a manual for Phoenix Cement Company (PCC) operators and
technicians that are responsible for maintaining affected sources and APCDs in proper operating
condition. The Plan outlines procedures for operation and maintenance to provide continuing
compliance; specific actions to be taken when monitoring indicates such actions are needed;
inspection procedures; opacity monitoring procedures; and required installation, calibration and
quality assurance specifications for continuous opacity monitoring systems (COMS) and
continuous temperature monitors.

This O&M Plan consists of two parts: Part A and Part B. Part A includes the following sections.
Section 1.0 is the introduction. Section 2.0 provides a summary of all affected sources and
APCDs, applicable emission limits and operating limits, and applicable monitoring requirements.
Section 3.0 briefly describes general operation and maintenance for affected sources and APCDs.
Section 4.0 briefly describes corrective actions to be taken when visible emissions are observed
from the raw mill and finish mill APCDs. Section 5.0 provides procedures to be used during
inspections of components of the combustion system of the in-line kiln/raw mill. Section 6.0
contains procedures to be used for periodic monitoring of affected sources subject to opacity
standards for raw mills, finish mills, material handling and storage sources.

Part B includes specific, detailed procedures and technical documents. Section 1.0 contains
specific procedures for installation, operation, calibration and maintenance of the COMS.
Section 2.0 includes a detailed summary of the operation and maintenance requirements for
affected-source dust collectors. Section 3.0 contains a detailed summary of the corrective
actions required when visible emissions are observed during visual emissions observations.
Section 4.0 includes inspection procedures for components of the combustion system of the in-
line kilo/raw mill.  Section 5.0 contains the specific procedures of the United States
Environmental Protection Agency (EPA) Method 22 and Method 9.
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3.0 OPERATION AND MAINTENANCE PROCEDURES

3.1 KILN AND CLINKER COOLER

Operators of the in-line kiln and raw mill, and the clinker cooler shall operate these affected
sources according to the Installation, Operation and Maintenance Procedures specified by F.L.
Smidth Inc (FLS) to optimize combustion conditions. Particulate (PM) and visible emissions
from the kiln/raw mill are controlled by a Fuller 259,200 acfm fabric filter baghouse (DC-431);
and clinker cooler emissions are controlled by a Fuller, 138,000 acfm fabric filter baghouse (DC-
445). Both baghouse exhaust streams are monitored by Rosemount Analytical transmissometers.
In addition, both baghouses are continuously monitored to demonstrate pressure drop indicator
ranges are not exceeded.

3.2 COMS

“COMS Procedures” are provided in Part B, Section 1.0 of this O&M Plan, for operation and
maintenance procedures, and specifications for the COMS that monitor opacity from DC-431
and DC-445. The Rosemount Analytical manual specifies complete installation, alignment,
operation, troubleshooting, and preventative maintenance procedures to be followed by PCC
operators and technicians.

3.3 DUST COLLECTORS

Part B, Section 2.0, of this O&M Plan provides a detailed summary of the operation and
maintenance requirements for all dust collectors controlling PM emissions from affected sources
(identified in Table 2-1) under 40 CFR 63, Subpart LLL.

12



4.0 CORRECTIVE ACTIONS

Part B, Section 3.0 of this O&M Plan provides a detailed summary of the corrective actions
required (when visible emissions are observed) for dust collectors controlling PM emissions
from affected sources (identified in Table 2-1) under 40 CFR 63, Subpart LLL.

This O&M Plan is required to include corrective actions to be taken when required by paragraph
(e) of Section 63.1350 of Subpart LLL. Paragraph (¢) of that section requires daily, six-minute
visual emissions observations of mill sweep and air separator PM control devices for affected
raw mills and finish mills. The visual emissions observations must be conducted in accordance
with the procedures of EPA Method 22 and conducted while the affected raw mill or finish mill
is operating at the highest load or capacity level reasonably expected to occur within the day. If
visible emissions are observed, specific actions must be taken, as summarized below:

o Initiate, within one hour, the corrective actions specified in the O&M Plan (Part B,
Section 3.0); and

e Within 24 hours of the end of the Method 22 test in which visible emissions were
observed, conduct a visual opacity test of each stack from which visible emissions were
observed in accordance with EPA Method 9. The duration of the Method @ test shall be

30 minutes.

13



5.0 PROCEDURES FOR COMBUSTION SYSTEM INSPECTIONS

The components of the combustion system of the in-line kiln/raw mill shall be inspected at least
once per year. Part B, Section 4.0 of this O&M Plan provides comprehensive inspection
procedures.

14



6.0 OPACITY MONITORING PROCEDURES

As shown in Table 2-1, opacity standards apply to all Subpart LLL affected sources and periodic
monitoring requirements are listed for each source. The following paragraphs specify
monitoring procedures to be followed for each type of monitoring listed in Table 2-1.

1. Monthly Method 22 (O&M Plan) — At each affected source for which Table 2-1 specifies
“Monthly Method 22 (O&M Plan)”, conduct a one-minute visible emissions test in accordance
with the EPA Method 22 procedures provided in Part B, Section 5.0. Initially, the one-minute
Method 22 test must be conducted on a monthly basis.

If no visible emissions are observed in six consecutive monthly tests of any affected source, the
frequency of testing may be decreased from monthly to semi-annually for that affected source. If
visible emissions are observed during any semi-annual test, a monthly testing frequency must be
resumed for that source, and the monthly schedule must be maintained until no visible emissions
are observed in six consecutive monthly tests.

If no visible emissions are observed during the semi-annual test of any affected source, the
frequency of testing may be decreased from semi-annually to annually for that affected source.
If visible emissions are observed during any annual test, a monthly testing frequency must be
resumed for that source and the monthly schedule must be maintained until no visible emissions
are observed in six consecutive monthly tests.

If visible emissions are observed during any Method 22 test, a six-minute test of opacity must be
conducted in accordance with EPA Method 9 (Part B, Section 5.0). The Method 9 test must
begin within one hour of any observation of visible emissions.

2. Daily Method 22 — At each affected source for which Table 2-1 specifies “Daily Method 227,
conduct a six-minute Method 22 visible emissions test while the mill is operating at the highest
expected capacity. Conduct each test on a daily basis. If visible emissions are observed,
corrective action must be initiated within one hour (Part B, Section 3.0). Conduct a 30-minute
Method 9 test within 24 hours of the observation of visible emissions.

3. COMS shall be operated, calibrated and maintained according to the recommendations of the
manufacturer (Part B, Section 1.0).

15



PART B

SPECIFIC PROCEDURES AND
TECHNICAL DOCUMENTS



SECTION 1.0

CONTINUOUS OPACITY MONITORING SYSTEMS
INSTALLATION, OPERATION AND MAINTENANCE
PROCEDURES
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1. Applications

The Durag DR 290 opacity monitor can be used for continuous emissions monitoring in smokestacks, exhaust ducts,
and other similar applications. This monitor has been designed to comply with the new Performance Spacification 1
found in 40 CFR part 60, Appendix B and the ASTM D6216-98 standard.

This type of opacity monitor is necessary for the legal and economically sound operation of power plants, heating plants
and other industrial large boiler facilities. These systems are also critical for use in the chemical and cement industries
where careful monitoring of the industrial processes is a criterion for problem-free operation.

Durag opacity monitors have functioned successfully for years in applications where dust emissions could have
potentially damaging environmental pollution effects. The data they collect is incorruptible, precisely reproducible,
unaffected by seasonal changes or weather conditions, and functions easily in either automatic or manual operation.
These systems have been used for applications in refineries and. other facilities of the petrochemical industry, in waste-
burning facilities and many others.

2. Basic Features

s Continuous, in situ measurement directly in the exhaust stream without disruption or dust sampling.
s The white light semi-conductor light source has a long life.

» The wide spectrum of the Super-Wide Band Diode (SWBD) optimizes system accuracy because the measurements
are more stable than those made with conventional LEDs.

» Modern microprocessor technology and software allow digital information processing.
+ |.CD shows measurements as opacity or extinction.

» Automatic calibration cycle corrects values for window contamination.

» Purge air system protects the reflector and heated exit window reduce maintenance.
» Control panel with digital display makes installation and operation simple.

» Hermetically sealed optics and electronics prevent dust or smoke from damaging internal system components. Two
" analog outputs with selectable measuring ranges on each system.

Optional
» Fail-safe shutter system protects the transceiver and reflector.

» Protective weather hoods for transceivers, reflectors, and purge air systems.

e Stack mounted display for singie person filter audits.

BURAG Durag, Inc
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3. Operating Overview

The transceiver emits a beam of light which passes through the stack or duct and strikes a reflector. The light
beam is reflected back and the amount of light returned is measured by the transceiver. Dust particies in the
stack will absorb and scatter the transmitted beam of light so the returned light will be less than the transmitted
lightt The ratio of the returned light to the transmitted light is call the transmission. One minus the
transmission is referred to as opacity. For dust concentration measurements optical density (also called
extinction) is historically used because the dust concentration is linear to the optical density value. The log of
1 divided by the transmission give the optical density.

The measured transmission value is sent via RS 422 to the stack display (D-R 220 AZ). From this local display
the measured value can be read and maintenance aclions can be initiated. Also purge air alarms are wired into
this stack display. From here the measured value and any purge air failure is sent via RS422 {o the evaluation
unit (D-R 290 AW},

At the evaluation unit the measured value is displayed and system parameters can be viewed or changed. This
remote display also contains the status inputs, relay outputs and the 2 independent current outputs. One
current output could be set to read opacity and the other to read the dust concentration. If dust concentration
is required, nermally a stack test is need to calibrate the extinction reading to a concentration {determine the
extinction coefficient).

Purge dr blowers are used to keep the optics clean. Weather hoods are used to protect the blowers and the
opacity system. Fail safe shutters can be installed to protect the optics If a purge air blower should fail or loose
power and may also protect service personnel on over pressure stacks, These shutiers are exercised during
the daily calibration to insure they are in working order when needed and to prevent them from sticking in the
open position.

The Durag D-R 290 opacity monitor is designed to utilize the principles of light transmission. The transceiver
and reflector are mounted opposite one another. Using the auto collimation principle, the light beam traverses
the distance fo be measured twice. This significantly increases the sensitivity of the measurements made by
the system.

Reflectinn
jA 7
. Emzrggen Boamn
ingident Besam (par Iﬂlcﬂmm]gm
falj

The light beam loses intensity proportionally to the particle concentration of the air. The light beam has a
significantly larger diameter than the reflector surface. This makes alignment easier and reduces measurement
errors caused by possible heat-induced shifts in the transceiver or reflector mounting flanges.

BURAS Durag, Inc
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3.1. Transmission Measuring Principle

If a light shines through a smoke stack or dust exhaust duct, this light beam will become weaker as the dust
density increases.

Transmission is the ratio of the intensity of the light received (/) compared to the intensity of the light
transmitted (Iy).

Iv‘.] Eq.1

The relationship between the irradiated light and the received light is given as a percent value, as shown in
equation 2.

-r-[-XIOO%=T

10 Eq.2

Subtracting the transmission measurement from one gives the opacity value. Opacity is the default
measurement mode of the DR 290, since this results in an increasingly strong signal at the detector as the
dust density diminishes.

100% — — x100% = OP

¢ Eqg.3
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{Fig. 3.1) Relationship between Exfinction, Transmission and Opacity
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Because the DR 290 operates on the auto collimation principle, the light beam being measured crosses the
measurement region twice. This means that the measurement light beam will lose the same percentage of

intensity on each pass through the dust particles in the exhaust air.

Since an observer looking at the stack exit is only looking through the plume once, the D-R 290 will correct the

double pass measurement and the opacity reading as a single pass measurement at the stack outlet.

3.1. Opacity Calculation at the Stack exit

Op = Single pass opacity at the measurement point.

Op1 = Double pass opacity at the measurement point measured using the auto collimation

principle.
Op2 = Single pass opacity at the stack exit.
L1 = Diameter of the stack at the measurement point.

1.2 = Diameter of the stack at the stack exit.

If both losses of light intensity from the measurement bsam passes are taken into account, the following

equation (Eq. 5) can be used to calculate the opacity at the stack exit:

Op2 =1-(1-Opl)7ii

L2

Op2 Stack exit

L1

Opl

(Fig. 3.2) Reference locations for determining opacity

BURAS Durag, Inc
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Since the data must be evaluated as if the measured light beam has crossed the stack opening a single time,
the D-R 290 system can make these corrections. This means that the stack correction factor L2/L1 must be
entered info the control unit. This value can be set as shown in section 6.5. Once set, the stack correction
factor is used in all opacity measurement ranges on both measurement channels.

For example: Measurement location = 6.00 ft =[ 1
Stack exit =510t =L 2
Stack correction factor = 5.10 ft = 0.850
6.00 f

The stack correction factor is set by DURAG using information supplied by the customer
hased upon the specific stack dimensions. If this needs to be changed, please contact
DURAG for assistance.

3.2. Extinction Measurement Principle

If a beam of light shines through a flue gas channel or dust extraction line, the light intensity will attenuate as
the dust concenfration C increases. This loss of light intensity is caused by absorption and diffraction,
collectively referred fo as extinction. Generally, the light intensity / decreases exponentially as the path length

—KLC
[=1 -e

In calculating the measured dust intensity, 1, is the constant for the emitted light intensity and L is the constant
value of the measured path length. The value of the extinction constant K can then be determined. In general,
the dust concentration (in grain/ft* or mg/m® has a linear relationship to extinction. Many parameters, however,
will vary at different instaliations including particulate size, composition of the particles, specific weight, index
values, and the absorption constant for the light being used. In many installations, the load of the facility will
affect the size of the dust particles. Wet {whether steam of condensation-based) and dry filtering systems will
also influence the particulate exhaust. Thus, the exact relationship befween the extinction value the monitor
displays and the actual dust emissions should be determined through gravimetric measurement.

E=lg(+)=Ig(#)

Solving equation 6 allows the derivation of the extinction constant K as shown below:

In I%

C L “as

Eq.6

K =

BURAL Durag, Inc
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To express the extinction constant K in a linear relationship to the dust concentration C, the values of the

measurement and comparison light beams are written as a part of log functions.

The dust concentration Cis:

I/
In i

C =
K - L

lo = Emitted light

K = Extinction coefficient

! = Received light E = Extinction

L = Measuring path length
(for Auto collimation # 2)

For the reasons above, dust concentration ¢ must be determined by gravimetric measurement. The necessary

¢ = Dust conceniration

Eq.9

measurement must be carried out at the expected plant loads and the expected filter settings of the respective
plant. When changing fuel fypes, checking the measurements is necessary. Only when these comparison
values are available can the extinction values in respect to the particulate emissions be correctly evaluated. As
dust concentration readings are subject to fluctuations, most favorable are statistical methods for determining

the calibration curve for the relationship between extinction and dust concentration.

See DIN 13192 p. 3 'Fundamentals of Measuring Techniques’ and
DIN 55302 p.1 and 2 ‘Statistic evaluation procedures, frequency
distribution, mean value and scattering’, as well as VDI 2066
‘Dust measuring in streaming gases’.

The compensating straight-line, which is drawn through the
measuring points, is estabiished to the ‘'smallest quadratic error’
method. It is also designated as regression straight-line (Y). The
{Y1, Y2} lines represent the refiability range, i.e., the mean value
of extinction x obtained over a long period lies with a probability
of 95% between Y1 and Y2. Two further lines (Y3, Y4) define the
tolerance range. This means that as a result of many gravimetric
dust measurements at the indicated extinction value x, at least
75% of the spot-checked dust contents will lie with 95%
probability in the tolerance range between Y3 and Y4.

12

= <]

Dust contant [in 1'r|g|JrrB or gralnlﬁa]
)
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3.4 Principle of Operation

The DR 290 operates according to the principle of autocollimation {double-pass). The lightbeam crosses the
measuring path twice. The system measures and evaluates the atfenuation of the light beam caused by the
dust in the measuring path.

The two main features that separate the D-R 220 from the older designs of the competition are the Super Wide
Band Diode and the single detector optical design.

The Super Wide Band Diode with a spectral response of 400 to 700 nm is modulated with no moving parts.
This modulation prevents influences from other light sources such as sunlight. The broad band light source
minimizes the effects of changing particle sizes when measuring dust concentration. The calibration audit
filters typically used are measured over the 400 to 700nm range. The broad spectrum light source will give a
more accurate measurement of these filters when compared to a narrow band LED system. Optical
techniques are employed to ensure a homogeneous light beam without "hotspots”™. This light is then split by a
beam splitter to form a measurement light beam and a comparison light beam. The measurement light beam
passes through the dust in the stack, enters the optic head, passes through the beam splitter and is measured
by the detector.

Since the basis for all opacity monitors is the measurement of transmission {the amount of light received
divided by the amount of the light transmitted), it is very important that not only the received light be measured
accurately, but the transmitted light as well. Every 2 minutes the measurement light path is briefly blocked and
only the comparison light path is evaluated. The comparison light beam is measured to determine the amount
of the transmitted light. This comparison light path uses the same light source as the measured light path,
passes through the beam splitter once, and is reflected once — just like the measured signal — and is measured
by the same detector used fo measure the light beam from the measuring reflector. Using this optical design,
any change in the amount of light from the source, contamination of the beam splitter, or drift in the detector will
effect both light paths (comparison and measurement) by the same amount and no error will be introduced to
the opacity measurement.

A control cycle is initiated periodically to ensure proper operation of the system. During this cycle, the D-R 290
automatically measures and displays the zero point, window contamination, upscale calibration value, and
stack taper ratio. If necessary, the subsequent measured values will be corrected for window contamination. If
the correction exceeds a predetermined value, a warning signal wilt be generated.

An integrated filter holder in the transceiver and a local display allow for quick and easy quarterly audits. The
local display also allows service or maintenance by a single technician. Diagrams of the optics are given on
the following pages.

DURASG Durag, Inc
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Comparison Narmal A Zero Point Control Reflector
w TS l - ’_l
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/(L
Visual Adjustment i
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[~ Super Wide Band Diods

(Fig. 3.3) Optics diagram D-R 290
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3.4.1 Measurement
Me a Suring Comparison Normal Reflector

Photo detector [Je ,[I Measuring Reflector

|

Zero Paint Reflector

Fixed Beam Splitter

Filter Wheel

LED

The unavoidable drifts in light intensity that result from aging of the light source or temperature changes are
automatically compensated by the monitor. The 2 kHz modulated light is split into both a measurement light
beam and a comparison normal. An optical receiver (photoelement) alternately reads these light beams. The
selection of the light paths is driven by a stepper motor.

3.4.2 Internal Reference

Internal reference measurement Comparisoglorma' Reflector

Photo Detector [| Measuring Reflector

Fixed Beam Splitter 1] Zero Point Reflector

Filter Wheel O
LED

Every 2 minutes, for a period of 2 seconds, the opacity measurement is interrupted and an internal reference
measurement (also called comparison normal) is performed. The filter wheel driven by a stepper motor moves
the opaque filter from in front of the comparison normal reflector to a position in front of the measuring reflector.
The light beam of interest leaves the LED and passes through the beam splitter. The light that was reflected
from the beam splitter hits the opaque filier and is wasted. The light beam that passed through the beam
splitter travels to the comparison normal reflector and is reflected. It travels to the beam splitter where the
beam is reflected to the photo-detector. This value is digitized and stored in memory. This is how the system
monitors the intensity of the LED. If the LED intensity is higher or lower than expected, the system can lower
or raise the LED current by one step each 2 minute reference measurement cycle. In this way the light
intensity of the systemn is held constant.

DURAG Durag, Inc
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3.4.3 Internal Zero Check

Zero point CheCk Comparison Normal Reflector
d

/(Q\
ll'
td
Photo Detector D< /’/' :] |:| Measuring Refiector

Zero Point Reflector

Fixed Beam Splitter

Filter Wheel %
LED

To make sure the D-R 290 system is operating properly, a control cycle runs at regular intervals, which can be
set to occur every 1-99 hours or can be initiated by the data logger. This cycle automatically measures and
displays the zero point value, the level of window contamination on the optical surfaces, and a confrol value, All
subsequent measurements are then adjusted to correct for the window contamination values. The acceptable
value for this window contamination can be selected in %; if the value becomes higher, a warning message will
be displayed (relay output). The control panel electronics then calculate the transmission intensity based on
the light it receives and the intensity of the comparison normal beam. This data is then used in the calculation
of the opacity or the extinction value. The extinction can be calibrated and is displayed in mg/m® (grain/ft®).
The result is then both displayed and given as an analog current output signal.

3.4.4 Upscale Calibration Check

Upsca[e Caﬁbration Check Comparison Normal Reflector

Shutter
T
; i \
Photo Detector [J€

Upscate Calibration Filter

T

] HMeasuring Reflector

Zero Point Reflector
Fixed Beam Splitter

Filter Wheel
LED

DURAG Durag, Inc
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3.5 System Components

..__-/X/‘.__
2 4 4 3
) N Vv
i\ L/
] \ [ 7
mmi ] — 1
o 1| Lo
7* I s . *
e | I
© i
10* 1 10*
*optional s e \
6*

(Fig.3. 4) System components

o oW N

Standard

Control unit, D-R 290 AZ (stack display)
Or D-R 290 AW (evaluation unit)
Transceiver, D-R 280 MK

Reflector, D-R 290 R1 or R2

Mounting flange, D-R 280 E

Purge air unit

7&8

10

* Optional

Customer supplied recorder ar data logging
system

Weather Hood, US built systems use one
Large weather hood for blower and optics
Fail-safe shutters

Fail-safe shutter control electronics

BURAG Durag, Inc
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Figure 4 shows standard and optional system components. Due to the many types of different applications, it
is difficult to show all the different configurations of various components, DURAG, Inc. is committed to
supplying the right system for the customer’s particular application. There have been applications where
weather hoods are not required, where only one shutter is used on the transceiver, or where one larger blower is
used due to space constraints, 2 larger blowers have been used fo overcome stack pressure, various adapter
flanges have been used to mate with existing stack flanges, etc. Please consult with DURAG, Inc. for specific
application recommendations.

The system components are briefly described below. A more detailed description is given in the installation
section of this manual.

1. Stack Display Unit D-R 290 AZ: This consists of an elecironic insert {D-R 290 AZ)} that is mounted in a
housing with a terminal strip (D-R 290 AG). The insert in the housing will be called the D-R 280 AZG. This
serves as the power supply for the transceiver, display unit of the measured values and system parameters,
1/O termination point for shutters and pressure cells for blower alarms. This unit also relays the RS 422
information between the transceiver and the control room display unit. Calibration functions and the quarterly
audit filters tests can be initiated from the D-R 290 AZG. This is part of the standard system although not
required. It is possible to operate the system without the D-R 280 AZG and only with the Control Room
Display Unit D-R 220AW.

Evaluation Unit D-R 290 AW: This serves as the "brains” for the cpacity system. This uses the same
electrical hardware as the D-R 290 AZ but different software. This is typically mounted in a 19” rack using a
D-R 290 BT rack mount housing. It can also be wall mounted in a D-R 290 AG housing. The D-R 280 AW
serves a display unit, all the system parameters are entered with the key pad, and all the I/O for the data
logging system is terminated here.

2. Transceiver D-R 290 MK: This transmits light to the reflector and receives the light from the reflector. The D-
R 290 MK contains the modulated white LED light source, the detector, and the hardware for performing the
daily calibration checks.

3. Reflector D-R 290 R1 or D-R 290 R2: Both these types of reflectors auto-collimate the light. This means the
light that hits the reflector is returned parallel to the incoming light {(back to the transceiver). The R1 reflector
is a “scotchlite” material and is for use with flange to flange distances up to 7.4 fi. (2.25m). The R2 reflector is
a glass corner cube and can be used from distances of 5.7 ft. (1.75m) to 46 ft. (14m).

4. Stack Flange D-R 280 E: This is used to support the monitor on the stack. Different versions are available for
brick stacks as well as to adapt to existing flanges.

5. Purge Air Unit: This is a centrifugal blower, typically YHP, with one used on the transceiver side of the stack
and one on the reflector side. When larger than standard stack flanges are used (existing) or when the stack
is positive pressure a larger blower may be used. Normally these blowers are mounted below the
transceiver or the reflector inside the weather hood.

6. Recording device: Durag can supply a chart recorder but normally the customer has a recorder or data
logging system to use to record the data.

7. Weather Hoods for transceiver and reflector: This is a large fiberglass box with a hinged cover to profect
stack opacity components from the weather and birds. Normally the purge air system is mounted inside this
box below the transceiver or reflector for US built systems. Typically there is one weather hood on each side
of the stack.

8. Weather Hood for purge air system: For US built systems there is not a separate weather hood for the
purge air system. Seeitem 7.

9. Fail Safe Shutters D-SK 280 MA: The shutter will close during a loss of power or loss of purge air. This will
prevent damage from the stack gas to the opacity system. The shutter may also be used for personnel
protection on over pressure stacks.

10. Fail Safe Shutter Control Electronics D-SK 290 AE: This is the sensor electronics for the purge air flow
sensor and has the battery pack to run the shutter motor, and has control functions to open and close the
shutter when instructed.

BURAG Durag, Inc
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3.5.1 Configuration options for stack and control room displays

Since the D-R 290 system can be used with or without a B-R 290 AZ and there can be different housings used
{primarily for the D-R 290 AW) it can be somewhat confusing. The diagrams below illustrate the different
configurations for the D-R 290 AW evaluation unit and the D-R 280 AZ stack display.

D-R 290 AG
D-R 290 MK D-R 290 AW
MK 5% AW

Transceiver connected directly to the D-R 280 AW located at transceiver location. The D-R 290 AW electronic
ingert is mounted in the D-R 290 AG wall mount housing.

D-R 290 AG
D-R 290 MK D-R 290 AW
D-R 290 LTxx
MK 6 ft ® 15,30,60ft AW

Similar to above except an extension cable is placed between transceiver and D-R 290 AW.

D-R 290 AG DR 290 BT
D-R290 MK  D-R290PS D-R 290 AW D-R 290 AW
MK 57 PS 7/ AW — AW
<3300ft

The transceiver is now powered from the D-R 290 PS power supply located at the monitor location. Now the D-
R 290 AW can be located up to 3300 feet (1000m) from the transceiver. A 2 pair cable is used to transmit the
data over the RS 422 interface. Since the D-R 290 AW unit can be mounted indoors now, a panel mount
housing, D-R 290 BT, can be used. More information is given on these different housings in the installation
section of this manual.

DR 290 BR 290 DR 290

DR 290 DR 290 DR 290 DR 290

MK 6ft AZ // /’ AW = AW
<3300ft

BURAG Durag, Inc
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The above diagram shows the recommended meunting arrangement. The D-R 290 AZ is used in the D-R 280 AG
housing at the transceiver location, Calibration functions and filter audits can be ran from this location using the D-R
290 AZ. The remotely mounted D-R 290 AW can be mounted in the wall mount or panel mount housing with panel
mount in a 12" rack being the most common.

4. Selection of the Measuring Location

The measuring location should be positioned in a straight section of the duct, as far from upstream or downstream
turns as possible. 40 CFR part 60, Appendix B, Performance Specification 1 gives guidelines for the mounting
location. If necessary, check with local authorities to insure a proper installation location is selected. Try {o install the
equipment in a location that will allow for service and is free from vibration and with the best ambient conditions
possible.

5. Installation

5.1 Flange Installation

Faor installation of the optic head and the reflector, installation flanges must be installed. For thickly insulated stacks and brick-lined
chimneys, the tube must be lengthened accordingly. The flanges are available in carbon steel as a standard and stainless steel as
an opfion. Normally these flanges are welded to the stack but for brick or concrete stacks a plate may be welded fo the flange and
then bolted to the stack. [f existing flanges are available, Durag, Inc. can supply adapter flanges in most cases.

The pipes and installation flanges must be precisely aligned to allow the light beam to pass through the flanges. For short path
lengths, a pipe may be inserted through the flanges to help align the flanges. For longer path lengths an alignment tool (D-R 280-70)
is available from DURAG, Inc. The flange alignment must be within + 1° of accuracy of centeriine. The red dot on the instaltation
flange must be on the top. Often it is recommended that the flange tube profrudes into the stack about 1 inch from the stack wall.
This is done so that if rain or condensate runs down the stack wall it should run around the flange tube and not into the flange tube.
There are many instaliations where this is not a concern and the flange tube is flush with the stack wall with no problems.

if the walls are thin, gusset plates must be installed for reinforcement. For stacks with flue gas temperatures of over 482°F (250°C),
insulation should be installed. Use of fail-safe shutters is also recommended. If there is an existing set of flanges, DURAG, Inc., can
make adapter flanges to mate to these flanges.

If the flange tube length is modified, please note this distance because it will be required when setting up the operating parameters of
the system. When the flanges have been installed, measure the flange to flange distance so the monitor can be set up to this same
distance on a clear path to get an accurate zero reading.

i Bomn o 240miny

180 mm > 3A52 In ame 9,456 i
T.k86 In A7 3

E

P

12 Stud
45Cmm Bolt Circle

{Fig. 5.1) D-R 280-10E installation flange for D-R 290 Opacity Monitor
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Important Note: The red dot on the installation flange must be on top.

5.2 Blower Panel and Weather Hood Installation

In outdoor applications the purge air blower, the stack display unit (D-R 290 AZ), the shutter control electronics
(D-SK AE) if used, and a small junction box for power terminations are mounted to the weather hood. The
weather hood is a fiberglass box with a cover that hinges. After the sfack flanges are installed on the stack,
the weather hood is then mounted to the stack. 1t is recommended to leave a 3 to 4 inch gap befween the back
of the weather hood and the stack. This will allow for airflow behind the weather hood and help minimize the
amount of radiant heat from the stack to the box. If the stack is well insulated this should not be an issue.
This box will also serve as a weather hood for the transceiver and reflector. Typically this box is mounted with
stand-offs from the stack or by a framework that the box sits into and this framework is mounted to the stack.
The weather hood with all components will weigh 100 to 150 pounds depending upon the size of the blower and
optional equipment so care should be used when attaching this weather hood and associated mounting
hardware. It is important to note that the transceiver side weather hood will be different from the reflector side
weather hood. The DR 290 AZ (stack display} will be mounted in the transceiver side weather hood and the
Box will be different. There will normally be a sticker labeling this on the back of the weather hood but in the
event this gets removed, look inside for the D-R 290 AZ.

STACK
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U L ML S RS-« L /| JE————.

(Fig. 5.2) Weather hood dimensions
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5.21 Weather Hood and Blower Panel Electrical Installation

Normally Durag, Inc. will pre-wire as much as possible fo minimize the number of field terminations. Typically a
J-Box will be installed in the weather hood or on the blower panel and the various components will be pre-wired
to this JBox and the customer will make their terminations to a terminal strip in the JBox. Due to all the
different configurations of the blower panel or weather hood (single blower, dual blower, one, two, or no shutters,
with or without D-R 290 AZ )it is not practical to show all the wiring diagrams. The specific wiring diagrams will
be included with the monitor and can be sent out prior to installation. An example of a typical wiring diagram
for the transceiver side and reflector side weather hood is given befow.
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(Fig. 5.4} Reflector side interconnect wiring, typical

5.3 D-R290 AZG Stack-Mounted Display Module

The DR 290 AZG consists of two components, The electronic module is the D-R 280 AZ and the housing with
electrical terminations is the D-R 290 AG. Since these components are almost always used fogether, the term
D-R 280 AZG is used to refer to this housing with the display electronics.

The DR 290 AZG is mounted on the stack & the measuring location and is usually mounted in the weather
hood. The DR 280 AG housing has an enclosure rating of IP 65 (corresponding to NEMA 4X) in a watertight
aluminum housing. The cable from the transceiver that plugs into the D-R 280 AZG is 6 feet long so the D-R
290 AZG must be mounted near the transceiver.

The butions and Liquid Crystal {LC) display on the front panel are visible through a transparent cover that
swings opens to the left. The terminal connections are towards the bottom of the housing with a separate
access cover from the LC display portion of the housing. Cord grip (Pg) fittings are provided for electrical
connections and one connector for the connection to the fransceiver. Normally only 4 wires for the RS 422
interface will need to be connected to this unit fo communicate with the DR 290 AW. The power, shutter
control, and DP Cells will be pre-wired by DURAG. More information regarding the electrical interface is given
in the electrical installation section.

The DR 290 AG housing is normally pre-install in the weather hood but if it must be removed or installed, open
the transparent cover, and then remove the electronics insert from the housing, use a screwdriver to release the
latch on the right hand side and swing this portion open, and then remove the mounting bolts.

* 7447 »
fe 854" ——— ke 5.63" »
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|
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i =="uuitu
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(Fig. 5.5) D-R 290 AG wall mount housing dimensions

Color: Housing body and enclosure are blue RAL 5017.
Ambient temperature: -40°F to +200°F {-~40°C to +100°C).
Mounting hole diameter 6,5 mm, spacing 166 x 220 mm.

DURAG Durag, Inc



[——

D-R290 Page 22

5.3.1 Electrical Installation, D-R 290 AZG Stack-Mounted Display Module

Normally the D-R 290 AZ is pre-wired and the customer only needs to connect the 4 wires for the RS 422 link
to the D-R 290 AW in the shelter.

Stack Display D-R 290 AZ must be used with D-R 290 AW (evaluation unit)
D-R 290 AZ
Terminal Name Function

PE Ground

N Neutral Power supply

L Line 90 - 264 Volt

40 Digital Input 1 Error 100

20 9 p Blower fail fransceiver side

39 Digital Input 2 Error 200

19 Purge filter plugged transceiver side

38 Digital Input 3 Error 300

18 Blower fail reflector side

37 Digital Input 4 Error 400

17 Purge filter plugged reflector side

36 Digital Input 5 Error 500

16 Shufter {Optional) fail transceiver side

35 Digital Input 6 Fror 600

15 Shutter (Optional) fail reflector side

34 NO Measuring relay, energized when measuring,

14 Relay 6 Common Fault, in cal, or power off

33 NC Relay is de-energized

13 NO

32 Relay 5 Common Warning enerqizes relay
12 NC

31 Relay 1 Status signal when shutters are used

11 For D-SK 1

30 Relay 2 Status signal when shutters are used

10 ForD-SK 2

29 Relay 3 Used io signal shutter controller To D-8K AE 1 pin 16

9 D-SK AE 1 To D-SK AE 1 pin 17
28 Relay 4 Used to signal shutter controller To D-SK AE 2 pin 16

8 D-SKAE?2 To D-SK AE 2 pin 17
27 RS 492 To D-R 280 AW plug 1. terminal 82

7 To B-R 280 AW plug 1. terminal 8D
26 Link To B-R 280 AW plug 1, terminal 62

5] To DR 290 AW plug 1. terminal 6D

4 Analog out 2 plus - Current signal on the
= e 4 - 20 ma, 2" termination D-R 290 AZ analog
24 Analog out 2 plus s - Outpuis will be the same
25 ° minys | %~ 20 ma, 1" termination As on the D-R 290 AW
2 Analog out 1 D.Ius 4 — 20 ma, 2" termination Analog outputs

3 minus Normally these are not connected
22 Analog out 1 pius PR s . Since the D-R 280 AZ is

DURAS Durag, Inc
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23 minus | |

1 PE (Ground)

(Table 5.6) D-R 290 AZ stack display IfO

5.4 Transceiver and Reflector Installation

The fransceiver consists of the optical portion in the blue housing and the black purge air flange. The reflector
consists of the refiecior element in the blue housing and the black purge air flange. The purge air flange is
identical for the transceiver and reflector. The purge air flange is connected to the transceiver or reflector by 2
hinge pin bolts. If there is stack gas coming from the stack flanges due to an overpressure stack, the optics of
the transceiver and reflector should be protected. The best way to do this is to connect the air hose to the
purge air fan and turn on the blower. Make sure the 12 spring washers are on each stud and the black rubber
sealing collar is slipped over the flange. Then the purge air flange can be slipped onfo the 3 studs on the
flange. Next put the spherical washers on each stud and then the lock nut. Tighten the lock nuts until there is
some compression of the spring washers. If this is not tightened enough, the system will not be help in
position. [ tightenad too much, the spring will be collapsed and there will not be any vertical or horizontal
adjustment to the transceiver or reflector.

Figure 5.7 shows a typical installation:

1.) 12 spring washers (the 16 washers on drawing is from old flange design)
2.} rubber sealing collar

3) purge air flange of instrument

4) spherical washer

5.) M12self-lockingnut

DURASG Durag, Inc
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1 ball washer™

measuring head or
red dot rubber collar 16 spring washers® 1 nut” reflector D-R 280

[

[ r—————
‘::-f .- HHII. - (l ]
|

‘ - -

| 7) ]
Fasten nut B first
Vertical adjustment:
through nut C
Horizontal adfustment:
through nut A

purge flange l

* 3 pieces each I

(Fig. 5.7) Mounting monitor on the installation flange

5.4.1 Transceiver and reflector alignment and focus

The transceiver and reflector are aligned to each other by adjusting the 3 nuts on each flange. However this
can not be done until all the system components have been connected and the opacity system is running.
This is because the alignment sight on the side of the transceiver uses the light from the LED to generate the
image and the LED is not operating until the system is all powered. Once the system is powered and the initial
daily calibration (that starts automatically upon power-up) is complete, the system can be aligned.

To align the transceiver, look through the alignment sight on the side of the transceiver housing. Make sure the
reflector is closed on the reflector side. Then by adjusting the nuts on the stack flange of the transceiver side
as shown in the previous figure, move the fransceiver in the horizontal and vertical directions until the reflector
image is centered in the "bulls eye” of the alignment sight. Please note that as the transceiver is moved
horizontally, the image in the alignment site will move vertically. On longer range systems the image in the
alignment sight may not appear very bright. 1t may be helpful to cup your hands around the eye piece of the
alignment site to block the ambient light when aligning the transceiver. The adjustment nuts should compress
the spring washers fo the point that the transceiver (or refiector) is stable. The spring washers should not be
completely compressed, then there would be no room for further adjust the alignment.

The focus adjustment was set at the factory and should not need to be changed unless the system is being
installed at a different path length. The focus only needs to be adjusted for flange to flange path lengths under
88 inches (Reflector 1 systems). For longer path lengths, the focus knob will need to be turned CCW as far as
possible to achieve the proper focus. To adjust the focus, loosen the metal thumb screw and then move the
objective lens by turning the thumb screw with the plastic knob. Adjust the focus until the image in the
alignment sight is sharp. When finished, tighten the metal optics screw again to secure this setting.

To align the reflector, first release the latches and swing the reflector open from the purge air flange. Sight
down the inner tube o the purge air flange and look at the light from the transceiver. Adjust the reflector purge

DURAG Durag, Inc
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air flange by with nuts on the stack flange until this tube is aligned and pointing at the transceiver. The refiector
is auto collimating so the reflector alignment is usually not as critical as the transceiver alignment. This
alignment procedure for the reflector requires a judgment call for when the inner tube is aligned. If the end user
is not comfortable with this, a purge air flange alignment tool is available from DURAG, Inc. Once the purge air
flange is aligned, the reflector will automatically be aligned when the reflector is closed and laiched against the
purge air flange. Then go back to the transceiver side and verify the fransceiver alignment.

DURASG Durag, Inc
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5.4.2 Transceiver and reflector electrical installation

The reflector is a passive component and there are no electrical connections. The transceiver has a 6 foot
cable with a 10 pin keyed bayonet style connector. This connector will be plugged into the DR 290 AZG
(Stack Display) or will be plugged into the DR 290 AW on systems without the D-R 290 AZ. A diagram of the
cable connections and function is shown below.

Connection fo the transceiver D-R 290 MK
Evaluation unit Transceiver

D-R 290 AW Cable connection
Plug Contact Pin Cable Nr Pin X4 Function
Plug 1 32DZ Housing (Ground Ground
Plug 1 12D 2 B 1 1 + 15 Volt
Plug 1 32DZ 3] 2 2 GND
Plug 1 14D2 C 3 3 - 15 Volt
Plug 1 2DZ A 4 4 + 5 Volt
Plug 1 32DZ E green / yellow 5 PE
Plug 1 32D2Z F 6 & GND
Plug 1 8 D J 7 7 RS 422 < —
Plug 1 87 H 8 8 RS 422 < —
Plug 1 6D G 9 9 RS 422 —>
Plug 1 67 M 10 10 RS 422 —

5.5 D-R 290 AW Evaluation Unit Installation

The DR 280 AW is typically panel mounted or piaced in a 19" rack. The D-R 280 AW electronic insert is the
same as the D-R 290 AZ electronic insert except for the software. This electronic insert is then placed info a
panel mount housing that has terminal strips on the back for electrical connections. This panel housing has
the part number D-R 290 BT. This is usually mounted in & 19 inch rack but this could be mounted in any panel.
A % inch thick aluminum plate with a cut out for the D-R 290 BT is available for rack mounting. This plate has
the part number D-R 280 AW19 Plate.

It is possible to operate the opacity system with only the DR 290 AW without using the D-R 290 AZ. In this
case the DR 290 AW electronic insert will be mounted in the DR 280 AG wall mount housing and this
assembly will be called the D-R 290 AWG. The cable of the transceiver will be plugged directly into the

D-R 290 AG wall mount housing. An extension cable is available to increase the distance between the
transceiver and the D-R 290 AWG. The maximum distance of this extension cable is 65 feet {20 meters) and
the part number is DR 280 LTx where x is the length in meters. DURAG, Inc. recommends using the D-R 290
AZ in most applications and the additional features are well worth the small cost. However there are
applications such as when the data logger is located near the opacity monitor where this type of installation
would make sense.

DBURAG Durag, Inc
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(Fig. 5.9) D-R 290 AW19 dimensional diagram
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5.5.1 D-R 290 AW Electrical Connection when used with D-R 290 AZ

Since the in the majority of the installations the DR 290 AW wili be used with the D-R 280 AZ stack display
The DR 290 AW will also be mounted in the control room or shelter and placed in the DR 290 BT housing.
The electrical connections when the DR 290 AW is used without the D-R 290 AZ will be described in the next
section. Electrical connections for the D-R 290 AW control panel are made using the two terminal strips on the
back of the D-R 290 BT. These 2 terminal strips are labeled Plug 1 and Plug 2. When you view the back of the
D-R 290 BT Plug 1 will be on you right and Plug 2 on the ieft. The rows of terminals are numbered 2, 4, 6,...32
from fop to bottorm. The column of terminals on the left is D and the column on the right of the plug is Z. When
you see a terminal listed as 32 DZ, the DZ together indicates that the D and Z terminals on row 30 are internally
bridged together. Warning: These 2 plugs appear identical so one must be careful not to get these two plugs
confused. Power is applied on Plug 2 {terminals 28 DZ, 30 DZ, and 32DZ). If you apply power to these
terminals on Plug 1 you will probably blow up one of the analog outputs.

St2 B 8.1 -
Phig 2 Plug 1 ks
z 2
o
a2 32

(Fig. 5.10} D-R 290 BT terminal connectors
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Terminal

Name

Function

32D7 Ground
2807 Neutral Power supply
30DZ Line 90 - 264 Volt
Z 2 Digital Input 1 Programming Enable
j [Z) Digital Input 2 Start Cal Cycle
6D Digital Input 3 | Set up Mode 0x-5x External Error 002
62 Set up Mode 6x Zerg Check
8D Digital Input 4 | Set up Mode 0x-5x Range 2 for Analog Out 1
82 Set up Mode 6x Window Check
10D Digital Input 5 | Set up Mode 0x-5x Range 2 for Analog Out 2
10Z Set up Mode 6x Upscale Calibration Check
Digital Input 6 | Set up Mode 0x-5x External Error 003

lay St

D k F

Relay 1

Limit1 | Limit1 | Limit1 Zero Zero

20Z Analog1 | Analog2 | Analog1| Check | Check | Check
22D Relay 2 None Limit2 | Limit2 | Limit2 | Window | Window | Window
227 Analog1 | Analog2| Analog2| check | check | check
24D Relay 3 D-SK1|D-SK1|D-8K1]|D-SK 1| Upscal | Upscal | Upscal
e e e
24 Z check | check | check
26D Relay 4 DSK2|DSK2|D-SK2]|D-8K 2| Stack | D-8K 1| Stack
267 Factor Factor
16 Z NO
18D Relay 5 Common Warning energizes relay
18 Z NC
14 D NO Measuring relay, energized when measuring
14 Z Relay 6 Common (If in Fault, in cal, or power off
16D NC Relay is de-energized)
6D To D-R 290 AZG terminal 6
62 RS 422 To D-R 2890 AZG terminal 26
8D Communication | To D-R 280 AZG terminal 7
B8Z To D-R 290 AZG terminal 27
24DZ Analog out 1 plus | 4 —20 ma, 2* termination Data on analog
26DZ minus Normally not connected Outputs (opacity, opiical
28DZ Analog out 1 plus | 4 —20 ma, 1¥ termination | density, calibration results)
30DZ minus is also
16D Z Analog out 2 plus | 4 —20 ma, 2™ termination Function of the
18D Z minus | Normally not connected Set-up Mode
20D7 Analog out 2 | plus | 4 — 20 ma, T termination See table 6.1
22D 27 minus
32ZDZ PE shielding for RS 422

{Table 5.11) D-R 290 AW mounted in D-R 290 BT housing, terminal connections
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5.5.2 D-R 290 AW Stand Alone Electrical Connection (No D-R 290 AZ}

Terminal Name Function

PE Ground

N Neutral Power supply

L Line 90 - 264 Volt

gg Digital Input 1 Programming Enable

?g Digital Input 2 Start Cal Cycle

38 Digital Input 3 | Set up Mode 0x-5x External Error 002

18 Set up Mode 6x Zero Check

37 Digital Input 4 | Set up Mode 0x-5x Range 2 for Analog Out 1

17 Set up Mode 6x Window Check

36 Digital input 5 | Set up Mode 0x-5x Range 2 for Analog Qut 2

16 Set up Mode 6x Upscale Calibration Check

35 Digital Input 6 | Set up Mode 0x-5x External Error 003

15 Set up Mode 6x Display Stack Factor

X oX:

31 Relay 1 None Limit 1 Limit 1 Limit 1 Zero Zero Zero
11 Analog1 | Analog? | Analogi Check Check Check
30 Relay 2 None Limit2 | Limit2 Limit 2 | Window | Window | Window
10 Analog1 | Analog2 | Analog2 check check check
29 Relay 3 DSK1 {D-8K1 [D-SK 1 D-SK 1 Upscale | Upscale | Upscale
9 check check check
28 Relay 4 DSK2 | D-8K2 | D-SK2 D-8SK 2 Stack D-5K 1 Stack
8 Factor Factor
i3 NO

32 Relay 5 Common Warning energizes relay
12 NC

34 NO Measuring relay, energized when measuring,

14 Relay 6 Common Fault, in cal, or power off

33 NC Relay is de-energized

27 RS 422 Note: When using D-R 280 AW without D-R 290 AZ

7 Link Terminals 6 and7 must be connected with a jumper and

26 Terminals 26 and27 must be connected with a jumper to

[¢] Complete the RS 422 communication to the transceiver

2 Analog out 1 plus 4 — 20 ma, 2™ termination Data on analog

3 minus Normally not connected Outputs {opacity, optical density,
22 Analog out 1 plus 4 — 20 ma, 1* termination calibration results) is also
23 minus Function of the

4 Analog out 2 plus 4 - 20 ma, 2™ termination Set-up Mode

5 minus Normally not connected See table 6.1

24 Analog out 2 plus 4 — 20 ma, 1% termination

25 minus

1 PE (Ground)

(Table 5.12) D-R 290 AW mounted in D-R 290 AG housing, terminal connections (No D-R 290 AZ)
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6. Operation

Before the D-R 290 opacity system will function, the electrical connections need o be made at the transceiver
location {blowers, transceiver, stack display) and the DR 290 AW will need fo at a minimum have power and
the RS 422 communication lines terminated. In a typical installation with the D-R 290 AZ stack display, the
D-R 260 AW evaluation unit talks to the D-R 290 AZ, the D-R 290 AZ talks to the D-R 280 MK (fransceiver) and
the D-R 280 MK talks to the D-R 280 AW. In a system without a DR 290 AZ, the D-R 280 AW and the D-R
290 MK talk back and forth to each other bui the D-R 290 AW is the "brains”. This is the flow of data in the
communication loop. If any piece of the equipment is not powered or there is a wiring error in the 4 wires for the
RS 422 there will be a communication error. This will show up on the display panel(s) as an

“Error 000", Without communication, the transceiver does not know what to do and will idle and not function.
Since in this error condition the transceiver is not functioning, it is not possible to align the transceiver or really
do much of anything. The first step is to make sure communication is established, then the transceiver can be
aligned or system parameters viewed or changed.

6.1 Operation of the D-R 290 AW evaluation unit

The DR 290 is controlled using the four buttons and the LCD on the front panel of the evaluation unit. These
butions are membrane switches that are polled about every second. You may have to hold the button in for
about a second and then release to activate the desired function. A description of the buttons is given below.

6.1.1 Parameters

There are a number of parameters that the user can set in the DR 280 evaluation unit such as measuring
range, alarm points, integration time, etc. Below is a list of these parameters in the same order as they appear
when you scroll through the display as well as a description. These parameters are set by Durag before the
system is shipped and normally should not need o be changed.

There are many different data logging systems and many desired features from an opacity system. DURAG
has tried to incorporate as much flexibility as possible with a fixed amount of I/O. Many of the features and
options will not be used in most cases. The description of the parameters may seem over complicated at first
but when you look at just the features you are using, the system should appear much easier to use.

When the parameters are viewed from the D-R 290 AW or the DR 290 AZ, the system is still measuring and
the data on the analog output is still valid until the Filter Audit parameter is reached. The parameters can be
scrolied through up to Limit Value 2. At this point the MOD Key can be pressed again and you can step out of
the display parameters mode without affecting the measured opacity data on the analog cutputs. The last 5
parameters, Filter Audit and the 4 calibration phases, will cause these tests io be performed and the data on
the analog outputs and relays will respond accordingly.

BURAG Durag, Inc
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6.1.1.1 SET-UP MODE

The set-up mode determines how the systems inputs and oulputs (I/O) functions. The data on the analog
outputs {opacity or optical density), the function of the digital inputs and the relay outputs is determined by the
2 digit number for the set-up mode.

Opacity: = [OP%], Extinction: = [OD] calibrated in mg/m®.

Set-up Mode /O Function
Display Output - 1 Output - 2
Control cycle on
1s digit Measuring in Measuring in
X008 oD oD Output-1
X18 OP% 0D Qutput-1
X28 GD OP% Qutput-1
X38 OP% QOP% Output-1
X485 0D ob Output-1 + Output-2
X58 OP% 0ob Qutput-1 + Ouipui-2
X85S 0D OP% Qutput-1 + Output-2
X78 OP% OP% Qutput-1 + Cutput-2
Display Relay 1 Relay 2 Relay 3 Relay 4
10s digit Function Function Function Function
0XS X X D-8K 1 D-SK 2
1X8 Limit 1, output 1 | Limit 2, output 1 D-SK 1 D-SK 2
2XS Limit 1, output 2 | Limit 2, output 2 D-SK 1 D-SK 2
3XS8 Limit 1, output 1 | Limit 2, oufput 2 D-SK 1 D-SK 2
4 X8 Zero Check Window check Upscale check Stack Factor
5X8 Zero Check Window check Upscale check D-SK
6XS Zero Check Window check Upscale check Stack Factor
Display Digital Digital Digital Digital Digital Digital
10s digit Input 1 Input 2 Input 3 Input 4 Input 5 Input 6
0XS Range 2 Range 2
1XS Enable ggi:dgr?i External Output 1 Output 2 External
2XS Programming : Error 002 Error 003
3Xs8 (C]OSG to 0 C._a b Close to Close to
AXS change pet;;: Y| (Shutter, change change (Shutter,
Upon openin DP Cell) | analog output | analog output| DP Cell)
5X3 parameters) p=star? cal 9 1torange2 | 2igrange?2
6X8S Zero check | Window Upscale | Stack factor

{Table 6.1) How set-up mode changes IO

The ones digit will control the data on the analog outputs. Normally this will be a 3 or a 7 for opacity on both
analog outputs. The difference between 3 and 7 is if the calibration data should appear on both analog outputs
or just analog output 1. If a 3 is selected for the ones digit, no calibration data will appear on anatog output 2
and this cuiput will hold lost value during the calibration cycle.

The tens digit for the set-up mode controls the function of both the digital inputs (3-6) and the relay outputs{1-4).
Digital input 1 has a fixed function to enabie programming and input 2 is fixed to start a calibration. Digital
inputs 3-6 have the same function for set-up mode 0X through 5X. When the tens digit is a € the digital inputs 3
through 6 will be to start individual phases of the calibration cycle. In addition to changing the function of the
digital inputs, the tens digit of the set-up mode will control the function of relays 1 through 4 as shown above.

DURAG Durag, |

nc



Py
FEU—.

o8

S

FER
)

R

[Eaeam
[ H
Em i

P

RN
£

[——

D-R230 Page 33

6.1.1.2 RANGE 1 OUT.-1

Each analog output has 2 measuring ranges. The analog output is normally in range 1 but it is possible to
close a digital input and change to a new measuring range. The value displayed here is for range 1 of analog
output 1. The value displayed hear will equate to the 20 ma point of the analog output (4.00 ma will be zero
percent opacity). The minimum range is 0 to 20% and the maximum range is 0 to 100% opacity and can be
set in 1% steps. This is normally set to 100%.

6.1.1.3 RANGE 2 OUT.-

This is range 2 of analog output 1. If digital input 4 was closed and the system was in set-up mode 0X through
5X, analog output 2 would change to Range 2. tis very rare that this would ever be done. This value is
normally set to 100% (same as range 1).

6.1.1.4 INT. TIME OUT.1

This is the integration time for analog output 1. This can be set from 5 seconds to 1800 seconds. This is
essentially the T95 time or the amount of time to reach 95% of the final value when a step change is applied.
This value is normally set to 5 seconds from DURAG to meet the ASTM/EPA 10 second response time
specification.

6.1.1.5 RANGE 1 OUT.-2 These are basically the
6.1.1.6 RANGE2 OUT.-2 same functions as above
6.1.1.7 INT. TIME OUT.-2 but for analog output 2.
6.1.1.8 CHECK CYCLE => HRS

If digital input 2 is left open, the system will go through a calibration cycle periodically by its own timer. The
value set here is the time in hours between calibration cycles. This can be set from 1 to 29 hours. If you want
the D-R 290 to initiate the calibration every day, this is set to 24 hours. If you want the data logging system to
start the calibration, have the data logger close digital input 2 and disable the timer function. When you want
the calibration to start, have the data logger open digital input 2 and the calibration will start. The amount of
time to open digital input 2 should be at least 1 second ( 5 is typical) but digital input 2 must close before the
internal timer forces another calibration. Some data logging systems can not hold a contact closed for 23
hours and 55 seconds. In this case the time between calibrations could be set this to 25 hours (some value
larger than 24). 24 hours from the last calibration the data logger could close digital input 2 for 5 seconds and
when this contact opened, the calibration would start. in this case you do not want this time set to 24 hours
because you may end up in a race condition to see if the D-R 280 AW timer or the data logger timer reaches
24 hours first. This is why when the data logger initiates the daily calibration this value is normally set to 25
hours.

It is also possible to start a calibration cycle by pressing both the + key and the left arrow ( ) key and
hold for at least 5 seconds.

6.1.1.9 WINDOW ALARM

During the daily calibration (or whenever a Window Check is activated), the system will measure the amount of
contamination on the exposed optical surfaces (window and zero point reflector). This window check value is
then used io compensate the measured opacity 1o get a more accurate reading of true stack opacity. The EPA
allows for a maximum of 4% opacity compensation so this value is normally set to 3.5%. If you want more
warning before the maximum allowable compensation is reached, this value can be set to 3.0%. When the
value set here is reached, a Error 001 (window contamination exceed) will be generated that will cause a forced
message in the display of the D-R 290 and the Warning Relay (R6) will energize.

6.1.1.10 LIMIT VALUE 1

Limit value 1 can be set on either analog output 1 or analog output 2 depending on the set-up mode. The value
set here is in milli-amp (not %) and can be set in 0.1 ma steps. When this level is exceeded, the appropriate
relay as determined by the set-up mode will close.

BURA&L Durag, Inc
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6.1.1.11 LIMIT VALUE 2

A second limit value can be set if in the appropriate set-up mode. This functions similar fo limit value 1.

6.1.1.12 FILTER AUDIT

This mode is designed so the neutral density filters can be placed into the light path. In this mode the zero
point reflector of the transceiver swings into the light path and the system is no longer measuring stack opacity.
Before the filter audit test is performed, the optics should be clean and calibration cycle should have been ran
s0 any changes in the window contamination reading from the cleaning will be updated. Undo the 4 clasps and
swing the optic head open. The filter holder is located between the exit window and the zero point reflector.
The filter hoider is designed to accept the standard 2 inch square filters mounted in a 2.5 inch wide frame.

Once you step to this parameter, the zero reflector will swing into the light path and the display will read
FILTER AUDIT. The display should read 0.0 +/- 0.2 % opacity and then the filters can be placed in the filter
holder. If the display does not show this value, it is possible to adjust this to zero. Press the STO key and the
red LED will light. Wait 10 seconds and press the STO key again and the LED will turn off. The value should
now have automatically adjusted to 0.0 +/- 0.2 % opacity.

6.1.1.13 ZERO POINT CHECK
The system will now read and display the zero point check value.
6.1.1.14 WINDOW CHECK

The system will now read and display the contamination on the exit window and the zero point reflector. When
this test is performed a compensation value is calculated from the contamination on the optics. Subsequent
opacity measurements are corrected by this compensation value fo give the correct stack opacity reading.
When you view the window check, remain at this step for at least 10 seconds to allow for a stable reading. If
you step through this value too quick, the window check value that is stored may be wrong and then generate
the wrong correction value and could give a window check error (error 001}.

6.1.1.15 SPAN CHECK

During this test{also called upscale calibration check), the zero point reflector is still in the light beam and
internally, a metal grid filter is moved in the light beam. This attenuation of the light beam will cause an increase
in opacity which will be displayed.

6.1.1.16 Stack Correction Factor

The stack correction factor is defined at the stack exit ID divided by the measuring path distance. This is
shown in section 3.2 as L2/L1. A straight stack will normally give a stack correction value of 1.000.
Sometimes a straight stack will have a stack correction factor slightly over 1 because the flange tubes protrude
through the stack wall and into the stack. The range of allowable values for the stack correction factor is 0.5 to
2.9. The 4 to 20 ma will also equate to this 0.5 to 2.9. A stack correction factor of 1.000 will give a signal of
7.33 ma on the analog output.

DURASG Durag, Inc
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6.1.2 Key functions

Key ® Puts the system into the “display parameters” mode. The MOD key LED should be [it
MOB | in this mode and then you can use the "+ key to scroll through and view the
~—— parameters. In this mode the parameters can only be viewed, they cannot be
changed.
Key L Puts the system into the “data entry” (save) mode. Digital input 1 must be bridged to
STO0 allow a parameter to be changed. [f digital input 1 is open you will see an “Input

' disabled” message when you try to activate this button. To change a parameter, first
use the MOD and “+" key to view the parameter you wish to change. Then press the
STO key ({the LED will light} and you will see a blinking cursor. Use the arrow key to
move the cursor to the digit you wish to change and then use the “+" key to change
the digit to the desired value. Then press the STO key again and the LED will go out
and the new value is saved. The LED on this button will blink during a fault.

Ke Pressing this key in the "Display measured value” (the normal measuring mode)
4 switches the display between viewing the data on analog output 1 or analog output 2.

The MOD key LED should not be it

in the “Display parameters” made, this key will cause the display to step to the next
parameter. The MOD key LED will be Iit.

in the "data entry” moede, this will change the value of the blinking digit. LEDs on both
the MOD and STO keys will be lit.

Key - t This key moves the blinking cursor to the next digit in the display. It is active only in

the “data entry” mode.
The LEDs on both the MOD and STO keys will be lit.

(Fig. 6.2) D-R 290 AW Key Functions

6.1.3 Saving / Data entry

The D-R 280 AW control panel requires digital input 1 to be bridged to enable changing and saving data. If digital
input 1 is open. You will not be able to change the parameter. In the D-R 290 BT panel mount housing, digital
input 1 is on Plug 2, contact 2D and 2Z. When the DR 290 AW is in the DR 290 AG wall mount housing,
digital input 1 in on the terminal sirip, terminals 20 and 40.

Open: Save function disabled, closed: Save function enabled.

1.

2.
3.

Pressing the "MOD" key takes the system out of ‘Measuring” mode and puts it into ‘display parameters”
mode. The LED on the MCD hutton should light.

Press the "+" key until the desired value appears in the display field.
Press the "STQ" key to switch into "data entry” mode. The LED on the STO key should light up.

One of the digits should be blinking. Pressing the "+" key will increase this number (zero will appear after
reaching the number 9). Pressing the " € " key will move the blinking cursor to the next digit to the left.
Again, press the "+" key until the desired number appears. When all digits have been adjusted, the cursor
will automatically return to the right-most digit.

Pressing the STO key will save the newly entered value and return the system to the “display parameters™
mode. The LED on the STO key should go out.

Pressing the MOD key while in the "display parameters” mode will return the system to the “measurement”
mode. The MOD key LED will go out and the display will show the currert measured value.

If the MOD key is pressed during the WYata entry” mode before saving, the system will revert to the
“measurement’ mode without saving changes.

After changes have been made and saved, digital input 1 can be opened to disable further changes.

BURASG Durag, Inc
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Operating Key Explanation Display
mode sequence
Display Measured value

measured value

Display
parameters

Data entry

Display
parameters

Display
measured value

Switch the display between the
measured value output signal
channels

B

B

MOD - LED lights

Enable data entry. Close the status relay contact
input.

.STi] STO - LED lights

STO - LED goes out

MOD - LED goes out

Disable data changes by opening the status relay inpui

Cutput 1
OCutput 2

Measured value

Saved value

Previously saved
value

Changed value

Current
measured value

(Fig. 6.3} D-R 290 AW operafing sequence
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6.1.3 Liquid Crystal Display (LCD)

The display has two 16-character lines and these two lines are divided into 4 sections as shown below. All
error and warning messages appear in the first line (sections 1 and 2). In the event of an error, the display will
alternate between the error message (see page 46 for error messages) and the currently selected display
moede.

The display is divided into four sections.

Display during normal measuring
Section 1: Currently selected output

Section 2: if the system is set to automatically run the control cycle at regular intervals, this
will display the time remaining until the next control cycle.

Section 3: Calculated value of the current measurement.
Section 4: Current analog-output signal in mA, from output 1 or 2.
Section 1 Section 2

Section 3 Section 4

Calibration Cycle Display

Section 1+2: Current phase of calibration cycle
ZERO POINT CHECK, WINDOW CHECK, SPAN CHECK, STACK COR.CHECK

Section 3: Calculated value in % opacity
Section 4: Analog-output signal in mA for the current phase
Section 1 Section 2

Section 3 Section 4

BLURAG Durag, Inc
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6.1.4 Switch settings and Operation with or without the D-R 290 AZ

On the processor board (No. 30} inside the DR 280 AW (and AZ) there are 5

81 | 82 switches located in the upper left corner of the circuit board. Switch 1 is in the
upper left of this group and switch 2 through switch 5 are stacked to the right of
S3 switch 1. There are also 2 swiiches on the No. 40 board bui these are for the
sS4 fail safe shutters and will be discussed in the shutter section.
[o_}{ OFF
Switsh Sedli
S5 ﬂ ON witeh Seliings

Most of the switches should be in the on position. In the on position the switch will be slid towards the rear of
the circuit board (away from the display)

Switch D-R 290 AW Function ) D-R 290 AZ Function
S1 ON means Watchdog Timer on. The default is ON. Same as AW
S2 ON to work without AZ, OFF when AZ is used NA, Leave in ON position

Setting of OFF will force analog outputs 1 and 2 to 20 ma

which can be adjusted with P1 and P2 Same as AW

83

S4 Display ampilification and LED-current when set to OFF. Same as AW

IF switch is OFF and digital input 1 closed before power is
applied, turning on power will cause default data to be written
S5 from EPROM to RAM, Display will show "System Status™. NA, Leave in ON position
After 10 seconds turn off power and switch 5 ON. Only used

when changing software versions in AW.

(Table 6.4) D-R 290 AW and AZ processor board switch functions

Since the hardware of the DR 290 AW and the DR 290 AZ is identical, it is possible to change the software
and make one unit function as the other. This may be useful during trouble shooting or it may be convenient to
turn a DR 290 AZ in a wall mount housing (possibly a spare) into a DR 290 AW (operation without AZ) to
perform a clear path of the opacity monitor. When using the electronic insert as an AW or AZ, it is important to
remember to get the swiiches in the correct position, connect the RS 422 wires or jumpers (see electrical
installation), and if you are changing software versions in an AW or changing an AZ to an AW, load the software
constants from the EPRCM as described above.

6.2 Operation of the D-R 290 AZ Stack Display Unit

The operation of the DR 280 AZ is nearly the same as the D-R 290 AW. The most important difference is that
no parameters can be modified from the DR 290 AZ, it is display only. However the phases of the calibration
(zero check, window check, span check, and stack correction factor) can still be initiated. The relay outputs
and digital inputs are also different and this can be seen in section 5.3.1.

DURAEG Durag, Inc
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6.3 Reflector Operation

The following reflectors can be used with the D-R 280 opacity monitor:

Type Flange to flange stack distance Model
reflector 2 Between 5.75 and 45 feet (1.75-14.00 m) Glass corner cube with optics
reflector 1 Between 1 and 7.5 feet (0.5-2.25 m) Scotchlite

The reflector should be selected according to the opacity flange-to-flange distance. |f the stack diameter is 3
feet, then have 2 foot long, 4" ANSI flanges on each side of the stack, then have 6" long adapter flanges to
adapt from the ANSI to the opacity monitor, the flange to flange distance will be 8 feet even though the stack
diameter is only 3 feet. This example would then reguire a type 2 reflector.

Since the reflector is passive the only action required is an occasional cleaning. When the window check
indicates the transceiver optics require cleaning, the measuring reflector should be cleaned as well. Keeping a
good purge air is also important in keeping the refiector and fransceiver optics clean. The type 1 reflector is a
Scofchlite material that can be damaged by high temperatures that could be encountered when the purge air
fails.

6.4 Transceiver Operation

6.4.1 Maintenance

The DR 290 MK opacity monitor transceiver requires little aftention during normal operation. Periodically, when indicated by the
window check results during the daily calibration, it may be necessary to clean the window and the zero point reflector with a soft
cloth. Sometimes it may be helpful to use water, alcohol, or glass cleaner fo clean the optics. Be careful if a ¢cleaning solution of
some type Is used that it does not leave a film (this could adsorb light) and it does not have any abrasives that could scratch the
optics. In most cases a clean, dry, soft cotton cloth will work fine.

The ime between maintenance will vary based on the conditions at the installation. The stack conditions as well as the ambient
conditions will determine the maintenance frequency. In general, a check of the equipment should be made every month. This
includes a check of the fail-safe shutter system, if applicable.

A maintenance routine shouid include the following steps:

1. Clean the external parts of the unit.

Check the condition of the fail-safe shutters.

Check the purge air system and the air hose.

2
3. Check all seals and mounting hardware.
4
5

Check the filters: Although it may be possible to clean the air filter, it is usually better just to replace. The replacement elements
are inexpensive and with cleaning there is always the risk of tearing the fiter. The maintenance interval will depend on the dust
loading in the ambient air. NOTE: Keeping a good flow of purge air is the single most important step for the
longevity of the opacity system.

6. Cleaning the external optics: After opening the clasps on the housing, the transceiver and reflector can be swung open. Use a
clean optics cloth ta clean the transceiver window, zero point reflector, and the measuring reflector.

7. Any deposits or build-up in the mouniing flanges should be removed. Dirt on the fail-safe shutter can be removed with a brush
or cloth and a cleaning solution that dries without leaving a residue. Never use a solution that damages aluminurn.

Warning!
Po not insert fingers into the fail-safe shutter system.
Serious injury may result!

DURAS Durag, Inc
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6.4.2 Transceiver circuit board

There is only one circuit board, the D-R 280 MKLP20, in the transceiver. Values that affect the measurement of
transmission and in turn opacity are stored on this circuit board. The D-R 290 AZ stack display or the D-R 280
AW evaluation unit can be replaced without changing the opacity measurement (as long as the stack correction
factor in the D-R 290 AW remains the same).

The opacity system is normally adjusted at the factory for a specific installation. 1t should not be necessary to
adjust the system. However, it may occur that the stack dimensions given fo Durag, inc. came from stack
drawings or were not correct for some other reason. Another reason the system may need to be adjusted is if
the monitor is relocated. To adjust the opacity transceiver the switches on this main circuit board to be
changed. The location of these switches is shown in the diagram below. NOTE: Make sure there is a valid
reason before performing any adjustment. For example if a dear path procedure is run on the stack with
opacity in the stack, the system has been “re-zeroed” and the opacity reading from the system will be wrong,

Storage release

N
Adjustment — = focked yellow red
on
-
123456 off
— ||+ ||=g2ges St
—OFF—
P1 S5 S8 §7 &4
Aojiustmem/ Storage release

off
S6 S382

M

D-R 290 MK No 20

{Fig. 6.5} Transceiver switch functions
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6.4.2.1 Transceiver Switch Functions

When using these switches, pay special attention to the switch position. Due to the microprocessor logic,
sometimes the switch function is activated by turning the switch off. Some of the swilches have a default
position of on and some df. This manual will fry to use up and down arrows ( T or 1) whenever possible to
show the position of the switch.

Switch S1

This is for the watchdog timer function for the processor. The default position of this switch of this switch is off
l (in the down position) which will turn the watchdog timer on. This switch should be in the down position and
not be moved.

Switch 52

This switch allows (in combination with S3 and 85) for special adjustment procedures such a clear path
adjustment and LED current setting. This switch can also be used with S6 to access special test routines.
How to use these switches is described in the appropriate section (clear path adjustment, window check
adjustment, etc.). The normal position of this switch is  (off).

Switch S3

This switch allows (in combination with $2 and S5) for special adjustment procedures such a clear path
adjustment and LED current setting. This swiich can alse be used with 54 to adjust individual measurements
such as the window contamination reading or the stack opacity zero. The normal position of this switch is |

{off).
DIL.- Switch S4

54 is actually 6 individual switches that are numbered 1 through 6. In an adjustment procedure you may see
one of these switches referred to as 84/1. This means swiich 1 of the S4 block of switiches. This switch is
enabled by S3. The default position for all 6 of these switches is the T up or on position. To activate the
feature associated with the individual switch, the switch will be slid down { fo the off position. Only 1 of these
switches will be in the down | position at any time. Use these switches with caution since the accuracy of the
monitor may be changed.

S4/ Function
1 Slone in measurement mode
2 Slope in filter audit mode
3 Slope in span check
4 Offset in infernal zero point (window check)
5 Offset in external zero point (measurement)
6 Basic calibration (reference light path gain setting and in turn LED current is set.
Warning: This will destroy all stored transceiver parameters.
Switch 85

This is the blue toggle switch near the top of the circuit board. This is a 3 position switch back and center
positions being fixed and the forward position is momentary. In the back position the system can not write any
parameters to memory. This is the default position. The red LED will be off. In the center position data can be
written to memory and saved. The red LED will be on. Moving the switch forward to the momentary position

PURAG Durag, Inc



[R—— [S—

.....

D-R 290 Page 43

will start an automatic adjustment procedure that is determined by the position of switches S1 through S4. The
yellow LED will blink.

Switch S6

This is a 16 position rotary switch that is only used for special test functions. The function of this switch is
described in the service manual and will not be discussed further.

Switch 87 and S8

These are momentary push button switches used in conjunction with S4. S7 when depressed has the + (plus)
function and is located next to S4. S8 has the - (minus) function and is located next to S5. In certain
adjustment procedures, the DR 280 AZ or AW display will show the plus and minus symbols. S7 or S8 will
then be pressed to raise or lower the selected value.

6.4.3 Clear Path Procedure

In this procedure the measuring zero is set. The transceiver and reflector are mounted to the exact distance as
on the stack or duct in a clean room with minimum dust in the air such as an air-conditioned office. This
procedure then adjusts the monitor so that a zero percent opacity reading is obtained.

This procedure was done in the factory and normally will not be done in the field. Some exampies of when this
procedure would need to done in the field are; The flange to flange distance on the stack is not the same as
was supplied to DURAG, the system is being relocated to a new measuring location with a different flange to
flange distance, the measuring reflector was damaged by improper cleaning so the system needs to be re-
zeroed, the D-R 200MKLP20 circuit board was replaced.

The values determined during the clear path procedure are stored in the transceiver. it may be convenient to
leave the DR 290 AW (and D-R 290 AZ if used) in their respective housings and use a spare D-R 280 AW (or

D-R 290 AZ with AW software installed) mounted in a D-R 290 AG housing. This way all the existing wiring can
stay in place.

The display during adjustment

Segments 1+ 2: Current calibration function

Segment 3: Ampilification factor
Segment 4: LED - Current
Line 1 Segment 1 Segment 2

Line 2 Segment 3 Segment 4

BURAS Durag, Inc
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The clear path procedure should be run in the following order:

10.

11.

Set up the transceiver and reflector in a dust-free room to the exact optical path length as on the stack or
duct. Make sure the test stands or flanges put the transceiver and the reflector in poper alignment.
Make sure to include the appropriate allowances for the spring washers and fail-safe shutters if
applicable. Clean the optical surfaces (transceiver window, zero reflector, and measuring reflector) with a
soft, optics-safe cloth.

Open the four hasps on the transceiver and swing the housing open. With a 4 mm allen wrench, remove
the six screws that secure the cover and remove it from the transceiver. Be careful not to drop the cover
on the circuitry when removing the last screw. Swing the transceiver shut and latch the hasps. Supply
power {connect plug “St1") to the transceiver and the DBR 290 AW controller (and BR 290 AZ if
applicable). Once turned on, the DR 290 will run a selfcheck cycle and check the value of the
comparison light beam. The LCD display will read: REF.LIGHT CHECK on line 1. Once the
automatic self-check has been completed and LED intensity has been set, the system can be calibrated
{the yellow LED will go out).

Put switches $2 and $3 in the up, “ON T “ position, Display line 1: ZERO EXT. CALIB .

Optically align the transceiver and reflector. {see section 5.4.1} It may be necessary to focus the
transceiver if this system uses a reflector 1 and the path length was changed.

Return switches $2 and §3 to the lower, “"OFF " position, the push toggle switch $5 towards the front
of the monitor for 2 seconds. Switch 85 can then be allowed to return to the center position. At this
point the yellow L.ED should continue blinking and the red LED should be continuously lit. The lower line
of the display (on the AW controller) should be working.

Display line 1: LED INT. CALIB the comparison light beam is calibrated. The LED current is fixed and
the gain sefting is determined to give a pre-determined output (8 volt at TP3).

Display line 1: ZERQ POINT CALIB the internal zero point value is calibrated fo determine the gain for
the zero point reflector.

Display line 1: SPAN CALIB The reference light path is calibrated.
Display line 1: ZERQ EXT. CALIB the external zero point value is calibrated.

After the clear path calibration procedure, the system automatically perform a calibration cycle. To allow
these new clear path values to be saved, switch 85 must be pushed back (the red LED will go out).

Loosen the 4 hasps on the iransceiver head, swing open the transceiver, and replace the lid to the
housing, making sure to secure all six screws. The transceiver head can then be closed and the hasps
fastened again.

BURAG Durag, Inc
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6.4.4 Manual internal zero point (Window Check)

Normally the window check reading should not need to be electrically adjusted. If the window check reading
increases it indicates there is dust or contamination on the window or zero point reflector. Cleaning these surfaces
shouid return the window check reading to near zero percent opacity {4.0 ma). At some time it may be necessary to
adjust the window check reading back to zero. It is possible that over time the window or zero point reflector may have
been scratched or damaged from improper cleaning or contamination on internal optics that is not possible to clean.

1.

Clean the optical surfaces of the transceiver, the window and the zero point reflector, with a cloth designed for
optics that does not leave any residue. Using the "MOD" and “+" keys on the control panel, select the "window
check™ measurement.

Remove the cover of the D-R 290 MK transceiver housing. On the circuit board, push switch $4/4 on the 6-
terminal switch 84 to the OFFJ position. Put switch $3 (calibration function) to the ONT position. Teggle
switch 85 must be set to “free memory access” (the center position), so that the red LED lights. The first line
of the display should alternate between “OFFSET - +" and "WINDOW CHECK".

Press push button S8 B for a lower value and button 87 to increase the value fo adjust the internal zero to
4.0 mA. Keep in mind that this new value will not take effect until after the 5-second integration time.
Therefore, use the buttons briefly, and then wait at least 5 seconds before pressing a button again. The
yeliow LED should light when the buitons are being used.

At the end of the calibration, the switches should be returned to their normal positions. Switch §5 should be
set to OFF, which will furn off the red “data entry” LED. On the switch, S§4/4, push $4 to the ONT position.
Switch $3 should be put in the OFF position. Place the housing lid back on the unit and tighten the screws.

6.4.5 External Zero Point Calibration

The external zero reading was also set at the factory to zero percent opacity and normally should not be adjusted. This
procedure is basically one portion of the clear path procedure that was described above and can also be used to set
the opacity reading fo zero on a clear path. This procedure however will only affect the measured opacity reading and
will not change the internal reference value or the window check reading. This procedure may need to be performed if
the window or the measuring reflector is damaged.

Set-up the transceiver and the reflector in a dust free room {such as a clean office area) at the exact stack flange
to flange distance and do the opiical alignment. Clean the oplics surfaces {window, zero reflector, and
measuring reflector) carefully with a cloth designed for optical equipment. Check that the integration time is set
to a short value (such as 5 seconds) or change if necessary on the D-R 290 AW coentrol panel and return the
system to normal measuring mode. The integration time is set to a small value to minimize the amount of time
spent waiting for the adjustments to reach the final value.

Remove the cover for the electronics on the D-R 290 MK fransceiver. On the circuit board, locate the 6-terminal
switch S4 and push the S4/5 switch to the OFF! position and the calibration switch 83 to the ONT position.
Switch $5 must be set to the “allow memory access” position (center position with the toggle lever straight up
and down) so that the red LED lights. The first line of the display should alternate between “OFFSET - +" and
"OUTPUT X”.

Press button 88 E| for a lower value and button S$7 | +[to increase the value to adjust the external zero to 4.0 mA.
Keep in mind that this new value will not take effect until after the 5-second integration time. Therefore, use the
buttons briefly, and then wait at least 5 seconds before pressing a button again. The yellow LED should light
when the buttons are being used.

At the end of the calibration, the switches should be returned to their normal positions. Switch §5 should be set
to OFF {back), which will turn off the red “enter value’ LED. On the switch, $4, push S4/5 to the ONT position.
Switch §3 should be put in the OFFl position. Place the housing lid back on the unit and tighten the screws.
Reenter and save the old integration time on the D-R 290 AW control panel.
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7. Error Messages

In the event of an error, the upper line of the LCD (segments 1 and 2) will alternately display an error message (as
shown in the table) as well as the currently selected display. The LED on the STO key will also blink. After ten
seconds, the associated relay contact will activate.

LCD-Display ERROR Probable Cause R6 [ RS

1.Communication wires not connecied correctly
2. RS 422 driver chip damaged (lightning) see X X

ERROR 000 [Communication error L .
schematics in service manual

1. Window or zero reflector dirty — clean
2. Physical damage to window or zero refiector X
3. Zero reflector loose or out of position

Input 1 has closed from externat source- check connected

Window contamination

ERROR 001 exceeded

ERROR 002 | External AW error 1 device (DP Cell, switch) X
ERROR 003 | External AW error 2 Inpgt 2 has closed from exiernal source- check connected X
device (DP Cell, switch)
ERROR 004 |EEFPROM fault Call DURAG for assistance X
ERROR 005 | RAM fault Call DURAG for assistance X X
ERROR 006 | PROM fault Call DURAG for assistance X X
ERROR 007 | AW systemn fault Call DURAG for assistance X X
ERROR 010 | Comparison normal error Compar'lson signal out of spe.CEflcatlon-_check X
Comparison normal reflector in transceiver
System not able to determine valid gain setting for
ERROR 020 | External zero fault External zero during clear path-call DURAG X
ERROR 030 | Internal zero fault System not able to determine valid gain setting for X

infernal zero during clear path-calt DURAG

Check zero reflector and filter wheel stepper motors X X
And photo switch in transceiver for proper operation

1. Replace LED assembly

ERROR 040 | Stepper motor failure

ERROR 050 |LED fault 2. Check for dirty/damaged internal optics X X
3. Faulty photo-detector
ERROR 060 |Heated exit window fault | Exit window heat trace or wires damaged X
ERROR 070 | MK system fault Call DURAG for assistance X X
AZ input 1 fault 1. Blower failure or loss of power
ERROR 100 (Blower transceiver side) | 2. Faulty DP cell
AZ input 2 fault 1. Air filter restricted-replace element
ERROR 200 {Filter transceiver side) 2. Faulty DF cell X
AZ input 3 fault 1. Blower failure or loss of power
ERROR 300 {Blower reflector side) 2. Fauity DP cell X
AZ input 4 fault 1. Alr filter restricted-replace element
ERROR 400 {Filter reflector side) 2. Faulty DP cel X
ERROR 500 |AZ input 5 fault 1. Blower fas_Eure transcewer s!de when shutters used X
2. Shutter failure transceiver side
. 1. Blower failure reflector side when shutters used
ERROR 600 | AZinput 6 fault 2. Shutter failure reflector side X
ERROR 700 | AZ system fault Call DURAG for assistance X X

{Table 7.1) Error messages

PBURAG Durag, Inc
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8. Purge air system

The purge air system protects the monitor from contamination on the external optical surfaces and keeps the
unit from overheating. Typically a 4P centrifugal purge air blower is used on each side of the stack when the
stack pressure is neutral or negative. When the stack pressure is 10 inches water column positive or more, a 1
HP blower is usually recommended.

When selecting the mounting location, the following conditions must be met:

» The air used should be as dry and dusi-free as possible. In extremely dirty environments, it may be
advisable to relocate the air intake or filter to a cleaner area.

e The air temperature should not exceed 104 F {40°C).
« There must be enough room to allow for changing the air filters.

« If the purge air unit will be mounted outdoors, a protective weather hood is available.

WARNING

The purge air system must be turned on at all times when the DR 290 is mounted atf the measuring
location. This applies even when the D-R 290 itself has been turned off. Make sure the purge air unit
electrical systems are secured separately from those of the D-R 290 itself.

9. D-SK 290 Fail-safe Shutters

If the D-R 290 monitor is intended for use on an exhaust duct or smokestack, in which a high stack-pressure is
present, a failure of the purge air system can lead to serious damage or destruction of the monitor. To protect
the system in such an event, BSK 290 fail-safe shutiers can be installed. The shutter system consists
primarily of a motor-driven quick close shutter DSK 280 and the D-SK AE control electronics with the air
current sensor F2.

Installation of fail-safe shuiters offers effective protection against this type of damage. The D-R 280 installation
flange has long enough studs to aliow the D-SK 290 fail-safe shutter between the flange and the fransceiver or
reflector. These fail-safe shutters mechanically block the opening between the monitor and the exhaust gas in
the event of a blower fail or loss of power. Due to possible overheating, however the D-R 290 should never be
left on the stack without purge air for extended time periods.

The control electronics, D-SK AE, is the same for all DURAG products. The shutter will vary depending upon
the DURAG product it is used with and type of mounting flange. Since the D-R 290 uses the same installation
flange as the D-R 280 and D-R 281, the shutter used will be the same as used with the D-R 280. This is why
the shutter for the D-R 290 will have the number D-SK 280 MA.

BURAG Durag, Inc
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9.1. Function

After turning on the power supply and detecting purge air, the fail-safe shutter will automatically move to the
“OPEN" position. If the power or the purge air blower fails, the shutter will close. For such an event, the D-SK
AE electronics has a Ni-Cad battery pack to supply power to the shutter motor. After the problem has been
corrected, the shutter will automatically open again. There are cams off the motor shaft that drive switches to
give “shutter open™ and “shutter closed” status signal. Terminals 7 and 8 in the D-SK AE wili close when the
shutter is open. Terminals 7 and 9 will be closed when the shutter is closed.

The battery charge is indicated by the “battery charging LEL’ on the front panel. The LED remains it during
rapid charging and blinks during a normal “float” charging. The fail-safe shutter can be manually closed by
pressing the manual push-button { or flipping the toggle switch) on the front panel of the control electronics.

The DSK 290 fail-safe shutter can be tested using the input relays (terminals 16 and 17) for “close shutter”.
When the connection between terminals 16 and 17 is opened, the shutter will automatically close. The shutter
closed message is fransmitied over terminals 7 and 8 (closed contacts).

SchnellschluBklappe D-SK 280 MA
Faif Safe Shutter D-SK 280 MA

Antrieb
Prive

< 165 B

272

215

(Fig.9.1 ) Dimensions (in mmy} of shutter (D-SK 280 MA)
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(Fig. 9.2} Dimensions (in mm) of control electronics D-SK AE

9.2. Installation

A D-SK 290 fail-safe shutter system is mounted on the transceiver and/or the reflector flanges, each with its
own DBSK AE control electronics. The shutter can be mounted in any orientation so long as there is no
interference with the weather hood or any obstructions near the installation flange. The DSK AE control
glectronics are connected to the fail-safe shutter with a six conductor cable. This connection should be made
after the monitor has been mounted to make sure the shutter can not open or close while it is being installed.

The air current sensor (F2) should alse be connected to the purge air flange and then to the D-SK AE controller.
The F2 sensor is threaded into the purge air duct with the red dot pointing fowards the air flow and secured with
a lock nut. This sensor wilt detect a failure of the purge air system. The cable (six feet are provided at no
charge, additional cable is available) that runs to the fail-safe shutter can be as long as 150 feet (the air flow
sensor cable has 3 wires including the shielding).
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Air flow

AAA

Red mark

(Fig. 8.3} Air Flow Sensor

red dot

flat packing rubber collar

The air current sensor should be
mounted on the system after
removing the cover (PG7). The
sensor shouid be positioned at the
monitor opening such that the air
current flows directly through the hole
in the sensor. The red mark is meant
to aid in mounting and should face
away from the monitor in the direction
of the air current.

1 balf washer*

measuring head or
16 spring washers] 1 mud* reflector D-R 290

™S

] | { . q]

? I L

i

! |
Fasten nut 8 first
Vertical adjustment:
through nut C
Horizontal edjustment: { purge flange —
through ntt A

Fail safe shutter drive * 3 pieces each 1 |
(Fig. 9.4) D-SK 290 Mounting
Warning!

Do not insert fingers into the fail-safe shutter system. Serious
injury may result! Disconnect the unit by cpening the connection
at terminals 16 and 17 before conducting maintenance work on

the D-SK AE.

BURAG Durag, Inc
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9.3. Electrical Connection D-SK AE

The electrical connection to the fail-safe shutter uses a 20-pin terminal strip in the connection box of the D-SK
AE as shown in the diagram below:

1] PE  Earthedd Conductor
E L1 Mains Fower {see type platel
[ 3] N
I 4] S Purge Ar ON
/—Ei M Purge Al OFF
[ 6] b
[ 7] M
[ 8 | s Shaterceen |

Shurtter CIOSED l

Torminal Strig

[ 5]
[ 4]
e
[ 2]
[ 1]

Close Shulier l, exlemal

[s*——=Ff ©

+ ET‘ bl 8L / Alr Flow Sensor

(Fig. 9.5) Electrical Connection for the D-SK AE

BURAS Durag, Inc
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9.3.1 Automatic check of shutter operation

The purge air system is very reliable so the shutter should not have to ciose very often. This however
can create another problem. If the shutter has been open for several years, the shutter could be dirty or
corroded and may not close when required. To prevent this from occurring the BR 290 has been
designed to allow for the check of the operation of shutter every day. To activate this feature, the display
unit (either the DR 290 AZ or DR 290 AW, whichever is connected to the transceiver) will need fo have
S1 and/or 82 as appropriate on the No. 40 board in the “ON" position. During the upscale calibration
point check portion of the calibration cycle, relay output 3 (and 4 if there are 2 shutters installed) will
close for approximately one minute. For the display unit to receive confirmation that the shutter(s)
actually closed, the shutter electronics (D-SK AE) will provide a contact closure from terminals 7 and 9.
This contact will be connected to digital input 5 for the first shutter and digital input 6 for the second
shutter on the display unit.

Switch 1 In the “ON” position in the No. 40 board in the BR 290 AZ {or AW), this switch
activates retay output 3, and for the confirmation signal will be read by digital input 5 and will give the
associated fault signal {(ERROR 500).

Switch S2 In the “ON" position in the No. 40 board in the BR 290 AZ (or AW), this switch
activates relay output 4, and for the confirmation signal will be read by digital input 6 and will give the
associated fault signal (ERROR 600).

During the reference point check, the D-SK 290 fail-safe shutter is closed by the relay output (contact
opens). If the confirmation signal (shutter CLOSED), is not sent within approximately 2.5 seconds, the
first line of the LC display will alternate between the current SPAN CHECK display and the error
message (ERROR 500 or 600), and the LED on the “STO" key will begin blinking. After a 10 second
delay, the fault relay output will signal the error,

D-R 290 AZ display unit
D-SK AE 1 Connection block housing
Function Terminal Terminal Function
Shutter status 7 . > 36 Input 5 € Error 500 (1 D-SK)
{open or closed) N . - 16
Close or open 16 P 29 Relay 3 output switch
The shutter 17 P 9 For the fail-safe shutter #1 D-SK 290
b-SK AE 2
Function Terminal Terminal Function
Shutter status AN - 35 Input 6 € Error 600 {2 D-SK)
{open or closed) 9 | o 15
Close or open 16 P 28 Relay 4 output switch
The shutter 17 e 8 For the fail-safe shutter #2 D-SK 280

(Fig. 9.6) Electrical connection between the D-R 290 AZ and the fail-safe shutter

DURAG Durag, Inc
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9.4 Shutter Operation

When starting the system, the battery charge level should be checked. The battery charge will be indicated on
the red ‘battery charging LELD' (L5) on the front panel. The LED will remain lit by rapid charging and will blink
during normal charging (indicating that the batteries are charged), When the batteries are strongly depleted, a
slow normal charging will occur first {(with the LED blinking). When the batteries have reached a minimal
charge level, the rapid charging procedure will begin.

If necessary the batteries can be charged before the first system start-up. To do so,
connect the D-SK AE controller to the power supply before connecting it to the fail-safe
shutters. The shutier motor is driven from the NI-Cad battery pack. The shutter motor draws more power
than the Ni-Cad charging circuit supplies. If the shutter controller has sat for a long time without power the
batteries may be too low to power the shutter motor. [If this occurs, remove the 6 wires geing to the shutter
motor from the D-SK AE terminal strip. Let the bhatteries charge for at leas 2 hours and then re-connect the 6
wires for the shutter motor.

Normally the shutters will function fine as delivered. However in cases where the stack pressure is negative
(more air drawn through the purge air system) or when the stack pressure is high (less air through the purge air
system), it may be required to adjust the point at where the shutter opens and closes. To set the
potentiometers, open the latch on the right side of the housing with a screwdriver. The housing can then be
opened and the 2 potentiometers should be visible.

The “air flow” potentiometers (P1} and the “hysteresis” potentiometer {P2) are set to a minimum (turn
potentiometers clockwise).

Once power is supplied, the unit is ready for operation. The yellow “stand-by" LED {L1) and red “close shutter”
LED (L4) light up.

If the purge air unit is running, the “air flow” potentiometer (P1) should slowly be turned counter-clockwise until
the green “air fiow" LED (L2) lights up. The adjustment is completed by turning the potentiometer half a turn
counter-clockwise beyond this switching point. The green “open shutter” LED (L 3) lights up and the shutter is
automatically moved io the "OPEN" position,

The switch hysteresis is set using the “hysteresis” potentiometer (P2) such that erratic switching is avoided,
but without making the switch hysteresis too great.

After settings have been made the housing is closed and laiched. The proper function of the fail-safe shutters
may be checked by briefly shutting off the purge air supply or detaching the purge air hose. A delay period for
the closing of the shutter is necessary, since the air flow sensor will only detect an absence of purge air after a
short time period.

DURASG Durag, Inc
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10. Technical Specifications

10.1 Technical Specifications: D-R 290

Measuring range for a three foot (one
Meter) long measuring path:

Light source:

Measuring range
Extinction:
Opacity:

Measurement path length:
Output signal:
Maximal load:
Relay outputs:

Maximal switch capacity:
Inputs:

Cutput signal integration time:

Ambient temperature:
Stack gas temperature:
Enclosure rating:
Weight
Transceiver:
Reflector:
Electrical Specifications:
Power supply:
Power:

From 0-0.08 to 0-1.75 grains/ft®
{0-200 mg/m?® to 0-4000mg/m?)

Super Wide Band Diode (SWBD)

0,1-1,6 Ext.
0-20 to 0-100%
Measuring ranges can be switched

3461t (1 - 14my)

2 x 0 -20mA, Low scale value 4mA

500 Ohm

6 x Status, potential free (limit value,
error, control cycle, etc.)

250V, 100VA

6x Status {Data entry enable, purge air error,
2x switch measurement range,
control cycle)

5 - 1800s, each output independently set in

1 s - increments

-40° to 122°F (40°C to +50°C)

above the dew point

NEMA 4x (IP65)

approx. 22 Ibs {10 kg)
approx. 15 Ibs (7 kg)

90 - 264V, 48 - 62Hz
approx. 30W

10.2 Technical Specifications for the Purge Air Blower

Supply voltage:

Power consumption:

115/230V, 50/60Hz,

Other voltages and
frequencies available upon
request

5.0/2.5 amps for ¥HP

8.6/4.3 amps for 1 HP

Air flow at 0 backpressure:

56 cfm (1/2 HP}, 98 cfm (1 HP)

Weight: 27 Ib (1/2 HP), 51 Ib (1 HP)

DURAG Durag, Inc
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10.3 Technical Specifications for the D-SK AE Electronics

Power supply ———-——ammu-: 115/ 230 Volt £10% 48/62 Mz
Fuse : 0.1 A, slow blow

Power: : approx. 10 VA

Motor driver —-————eee ! 24 Volt DC

Enclosure rating [P 65 DIN 40050 (NEMA 4X)
Weight : approx. 7.75 Ibs (3.5 kg)
Contacts:

1 contact shutter “closed®,
1 contact shutter “open”,
1 contact switch “ purge air “ present / failure

All contacts are potential-free, max. 250 Volt 100 VA switch capacity with resistive load.

Display messages:

5 Display-LEDs for the messages:

“ Stand by %,

“ Purge air present “,

“ Shutter open “,

* Shutter closed ©

“ Battery charge status “ -this LED is [it constantly when the batteries are charging rapidly and blinks during a
normal slow charge.

Sensitivity:

Adjustable, minimum approximately 16.5 ft/s (5 m/s) air flow velocity

10.4 Technical Specifications for the D-SK 290 MA Mechanics

Driver : 24 Volt DC driver with built-in motor overload switch.
Torque : 8 Nm

Run time — i approx. 2 seconds from open to closed

Shutter : Stainless steel 1.4571

Housing : Aluminum

Enclosure rating NEMA 4x (IP 65} DIN 40050
Weight : Approx. 10 Ibs {4.5 kg)

BURAG Durag, Inc
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1 D-R 290 AW Controller

1.1

Key

Key

Key

Key

Key Function

Puts the system into the “data entry” (save values) mode.
The LEDs on the "STO" and "MOD" keys will light in this mode. The Led
on the “STO” key will blink to indicate a fault.

veon| Puts the system into “display parameters” mode
The LED on the "MOD" key will light in this mode.

+ When the system is in the “display measurements” mode, this key will
toggle between outputs 1 and 2. The LED on the *MOD” key will not be
lit.

When the system is in the “display parameters” mode, this key will move
to the next display screen. The LED on the “MOD” key will light.

In the "data entry” mode, this key will increase the value of the blinking
digit by one. The "STO" and "MOD" keys will light.

«— This key changes the position on the blinking cursor in the display. This
key is only active in the “data entry”. The "STO" and "MOD" keys will

light.

If the cursor and the plus keys are pressed simultaneously for about five
seconds, a calibration cycle will start.

1.2

Saving | DatakEntry

The D-R 290 AW controller has a status relay input to enable data entry/ saving value: Plug 2,
contacts 2 D- 2 Z = Terminals 20-40.
Open: Data entry disabled, closed: data entry enabled

1.

Pressing the "MOD" key switches from the “Measurement’ mode into the “Display
Parameters” mode. Once in measurement, the LED on the "MOD" key will fight.

Press the "+" key until the desired value appears in the display.

Pressing the "STO" ley will put the system into ‘Data entry” mode. The LED on the
“STO” will light.

The value of the digit blinking in the display will increase as long as the “+" key is
pressed. Once “9” has been reached, “0” will reappear. The " € " key will move the
blinking cursor one digit to the left. Once the left-most digit is selected, pressing the key
again will move the cursor back to the farthest right digit.

To save the newly entered values and return to the “display parameters” mode, press
the “STO" key. The LED on the “STO" key will go out..

BLURAG, Inc.
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6. In the “display parameters” mode, pressing the “MOD” key will toggle the system back to
the “measurement {(display measurements)” mode. The light on the “MOD"” key will go
out and the current measured value wil be displayed. However, if the “MOD" key is
pressed while in ‘tata entry” mode, the system will return to ‘fmeasurement’ mode
without saving any changes.

7. Once all changes have been made in “dafa entry” mode and saved, close the terminals
below to disable new data entries

Plug 2, Contacts 2 D- 2 Z = Terminals 20-40.

1.3  Error Messages

If a fault is detected, the top line of the LCD display will alternate between the current
measured value and the error message. The LED on the STO key will also blink. After an
approximately 10 seconds, an error message will be signaled on relay output 5. For fatal
errors, a fault will also be signaled on relay output 6.

Errors 100 through 700 are specific to the D-R 290 AZ display.

ERROR LCD-Display R6 | RS
Communication error ERROR 000 X X
Window contamination ioo high ERROR 001 X
External AW error 1 ERROR 002 X
External AW error 2 ERROR 003 X
EEPROM fault ERROR 004 X
RAM fault ERROR 005 X X
PROM fault ERROR 008 X X

AW system fauit ERROR 007 X X
Comparison normal error ERROR 010 X
External zero fault ERROR 020 X
Internal zero fault ERROR 030 X
Stepper motor failure ERROR 040 X X
LED fault ERROR 0580 X X
Heated exit window fault ERROR 060 X
MK system fauit ERROR 070 X X

AZ input 1 fault ERROR 100 X

AZ input 2 fault ERROR 200 X

AZ input 3 fault ERROR 300 X

AZ input 4 fault ERROR 400 X

AZ input & fault ERROR 500 X

AZ input 6 fault ERROR 600 X

AZ system fault ERROR 700 X X

BURAG, Inc.
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2 Switch Functions in the AW and AZ

By default, all switches are shipped in the ON position (towards back of unit).

]| ve= - _
ﬂ on Switch Sallings
2.1 Switches on the D-R 290 AW No. 30 Circuit Board
Switch | ON |OFF Function D-R 290 AW /D-R 290 AZ D-R 290 AZ
S$1 X Watchdog Timer ON
S2 X Operate with D-R 290 AZ N/A
S3 X TEST STEP#16 Currentto 20 mA at P1 + P2
84 X Show amplification and LED-Current
85 X System Status-> load N/A
Switch 81:

OFF Position: The watchdog timer is turned off.
ON Position: The watchdog timer is turned on.

Switch S2:
If the D-R 290 monitor is installed with the D-R 290 AZ display, switch S2 in the D-R
290AW must be in the OFF position (pushed forward).

Switch S3:
For checking or calibrating the signal outputs, switch S3 should be in the OFF position.
The LCD display will read TEST STEP #16 (20 mA). Outputs 1 and 2 can be set to 20
mA using potentiometers P1 and P2 if needed.

Switch S4.
The LED amplification and current will be shown in the LCD display if switch S4 is in the
OFF position. For maintenance purposes, the current measured value can also be
displayed.

Switch S5:
If switch S5 is in the OFF position and status relay input 1 is closed (enable data entry

mode) when the system is powered up, the factory default settings for the AW unit will
be loaded and overwrite all parameters. The display will read System Status ->.

DURASG, Inc.
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2.2 Switches on the D-R290AW and AZ No. 40 Circuit Board

Switch | ON | OFF Function

Relay 3 will be used for confrolling the transceiver sideD-SK 290

1 X fail-safe shutter.

Relay 4 will be used for controliing the reflector sideD-SK 290 fail-

S2 X safe shutter.

Switches S1:/ 82:

It is possible to automatically test the function of the D-SK 290 fail-safe shutters during
the span phase of the calibration cycle. To enable this feature, both S1 and S2 should
be in the ON (pushed towards back of unit) position.

If the system installation includes the D-R 290 AZ display, this automatic fail-safe shutter
test cannot be initiated by the D-R 290 AW controller but will be controlled by the D-R
290 AZ if $1 and S2 are switched on in the D-R 2890AZ No. 40 board.

2.3 LCD Display During a Clear Path Calibration

Segment 1+ 2: Current calibration function:
LED INT. CALIB the comparison beam is set.
ZERO POINT CALIB the internal zero is set.
SPAN CALIB the reference value is set.
ZERO EXT. CALIB the external zero value is set.

Segment 3: Displays the amplification (10- 255), depending on the
calibration function and the path length.

Segment 4: LED —current (0 to 4095). A current of 4000 corresponds fo
an LED — pulse rate of approx. 100 mA.

Line 1 Segment 1 Segment 2

Line 2 Segment 3 Segment 4

(Fig. 1) Display

DURAG, Inc.
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Control unit

Only for Use with D-R 280 AW in wall mount housing

D-R 290 AW No D-R 290 AZ is used
Terminal Name Function
PE Ground
N Neutral Power supblv
L Line 90_- 264 Volt
40 Digital Input Programming Enable
20 1
kYo Digital Input Start Cal Cycle
19 2
38 Digital Input | Set un Mode Ox- External Error 002
18 3 Set un Mode 6x___Zero Check
37 pigital Input | Set un Mode Ox- Ranae 2 for Analoa Qut 1
17 4 Set un Mode 6x _ Window Check
36 Digital Input | Sat un Mode 0x_Ranae 2 for Analoa Qut 2
16 2 Set un Mode 6x__Unscale Calibration Check
35 Digital Input | Set un Mode 0% External Error 003
15 6 Set un Mode 6x___Displav Stack Factor
34 NO Measurina relav. eneraized when measuring.
14 Relav 6 Commo Fault. in cal. or nower off
33 NC Relav is de-energized
i3 NO
32 Relav 5 Commo Warnina eneraizes relav
12 NC
Relays 1-4 Function
Determined by set-up Ox 1x 2X 3X 4x 5X 6x
31 Relay 1 None Limit 1 Limit 1 Limit 1 Zero Zero Zero
11 Analog1 | Analog2 | Analog1 Check Check Check
30 Relay 2 None | Limit2 | Limit2 | Limit2 | Window | Window | Window
10 Analog1 | Analog?2 | Analog2 check check check
20 Relay 3 D-SK |D-SK 1 D-SK 1 D-SK 1 Upscale | Upscale | Upscale
Q 1 check check check
28 Relay4d |[D-SKZ2| psKk2 | DSK2 | DSK2 | Stack | DSK1 | Stack
8 Factor Factor
27 RS 497 Notfe: When using D-R 290 AW withoui D-R 220
7 Terminals 6 and7 must be connected with a jumper and
26 Link Terminals 26 and27 must be connected with a jumper to
6 Complete4the2§8 42?é ngommunication t% thte transcetiver
4 nlus —20 ma, ata on analog
5 Analog out 2 minus | Normallv not connected Outputs (opacity, optical
24 Analog out 2 |—blus 4 —20 ma, 7% termination| density, calibration resulis} is
25 mints also
2 Analog out 1 |—BlUS 4—20ma, 2™ Function of the
3 minus | Normallv not connected Set-up Mode
22 Analog out 1 olus 4 —20 ma, 1°" termination See table 2C
23 minus
1 PE (Groundy

Fig. 2a Optional wiring diagram. For D-R 290 AW installed in D-R 290 AG wall mount

housing. D-R 290 AW is connected directly to transceiver. No D-R 290 AZ is used.

DLURAL, Inc.
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D-R 290

Control unit

For use when D-R 290 AW is connected to D-R 290 AZ

D-R 290 AW
Plug Terminal Name Function
Plug 2 32D 7 Ground
Plug 2 28DZ Neutral Power supply
Plug 2 30D Z Line 90 - 264 Volt
gizg ; ?22 Digital Input 1 Programming Enable
ggg g j? Digital Input 2 Start Cal Cycle
Plug 2 6D Digital Input 3 Set up Mode 0x-5x External Error 002
Plug 2 67 Set up Mode 6x Zero Check
Plug 2 8D - Set up Mode 0x-5x Range 2 for Analog Qut 1
Plug 2 g5z | DotelinPttd Voot up Mode 6x Windos Chegk
Plug 2 10D .. Set up Mode 0x-5x Range 2 for Analog Qut 2
P}ug 2 10 Z Digital Input S 72 " Mode 6x Upscale Calibration Check
Plug 2 12 D . . Set up Mode 0x-5x External Error 003
Plug 2 12 7 Digital Input® ' - Mode 6x Display Stack Factor
Plug 2 14D NO Measuring relay, energized when measuring
Plug 2 14 Z Relay 6 Common (if in Fault, in cal, or power off
Plug 2 16 D NC Relay is de-energized)
Plug 2 16 Z NO
Plug 2 18D Relay 5 Common Warning energizes relay
Plug 2 18 Z NC
Relays 1-4 Function by set-up mode 0x 1x 2X 3x 4x Bx 6X
Plug 2 20D Relay 1 None Limit 1 | Limit 1 | Limit1 | Zero Zero Zero
Plug 2 20 Z Anzlogl | Analog2 | Analogl | Check | Check | Check
Plug 2 22D Relay 2 None Limit 2 | Limit2 | Limit 2 | Window | Window | Window
Plug2 22 Z Analogl | Analog2 | Analog? | check check check
Plug 2 24 D Upscale | Upscale | Upscale
Plug 2 247 Relay 3 D-SK1 |D-SK1 |D-SK1 D-SK1 | i | check | check
';}3; 2 22 Relay4 | D-SK2 | D-SK2 |D-SK2 | D-sk2 otk gy q | Stack
Plug 1 6D To D-R 290 AZG terminal 6
Plug 1 67, RS 422 To D-R 290 AZG terminal 26
Plug 1 8D Communication | To D-R 290 AZG terminal 7
Plug 1 8Z To D-R 290 AZG terminal 27
16D2Z Analog out 2 plus 4 — 20 ma, 2 Data on analog
Plug 1 termination Outputs (opacity, optical
Plug 1 18D Z minug Normally not connected density, calibration
Plug 1 20D 7 plus N results) is also
Piug 1 7D Z Analog out 2 Tinus 4 — 20 ma, 1% termination Function of the
24D 27 plus 4 — 20 ma, 2™ Set-up Mode
Plug 1 Analog out 1 termination See table 2C
Plug 1 26D Z minus Normally not connected
Plug 1 28D 7 plus - N
Plug 1 20D 7 Analog out 1 e 4 - 20 ma, 17 termination
Plug 1 12D7Z » PE shielding for RS 422

Fig. 2b Standard wiring diagram for D-R 290 AW in panel mount housing when AW is

used with D-R 290 AZ .

BURASG, Inc.
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D-R 290 Page 7
Opacity: = OP%, Extinction: = Optical Density = 0D
Set-up Mode I{O Function
Display Output - 1 Output - 2
i Control cycle on
1s digit | Measuring in | Measuring in
X008 oD oD Output-1
X18 OP% oD Output-1
X28 oD CP% Output-1
X3S OP% OP% Output-1
X488 oD oD QOutpui-1 + Output-2
X58 OP% oD QOutput-1 + Qutput-2
X638 oD OP% Output-1 + Output-2
X78 OP% OP% Output-1 + Output-2
Display Relay 1 Relay 2 Relay 3 Relay 4
10s digit Function Function Function Function
0X8 X X D-3K 1 D-SK 2
1X8 Limit 1, output 1 | Limit 2, output 1 D-SK 1 D-8SK 2
2XS Limit 1, output 2 | Limit 2, cutput 2 D-SK 1 D-SK 2
3XS Limit 1, output 1 | Limit 2, output 2 D-SK 1 D-SK 2
4X8 Zero Check | Window check Upscale check Stack Factor
5XS Zero Check | Window check Upscale check D-8SK
6X8S Zero Check | Window check Upscale check Stack Factor
Display Digital Digital Digital Digital Digital Digital
10s digit Input 1 Input 2 Input 3 Input 4 Input 5 Input 6
0XS
Range 2 Range 2
1X8 Enable StartCal | External outout 1 | outoutz | EXtemal Error
2XS8
3XS Closed=no cal
Close to Close to
4XS (CIOSB to Opetp=cal by (ShUﬁer’ change analog [ change analog (ShUtter’ bP
change imer DP Cell) output 1 to output 2 to Cell)
5X8 Upon opening range 2 range 2
parameters) =start cal
6XS Zero check | Window Upscale | Stack factor
Table 2C

EBURAG, Inc.
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3 Transceiver

3.1

1.

Optical alignment

Setup Transceiver and Reflector in a dustfree room to the exact measurement path
distance. Make sure to provide appropriaie allowances for the cone washers and fail-
safe shutters. The transceiver and reflector flanges shouid be as close to paraliel as
possible. Clean the optical surfaces (exit windows) with a soft, optics-safe cloth.

Once the transceiver and reflecfor are mounted as shown in figure 3 below, tighten
down the three nuts on the reflector flange. The three nuis on the transceiver can then
be used to optically align the system. Tighten down the nut labeled “B” in figure 3 first.
Nut “A” can then be used o change the vertical alignment of the transceiver on the B-C
axis. Adjusting the “C” nut will change the transceiver alignment along the AB, or
horizontal, axis. Once the transceiver position is correct, loosen the metal thumb screw
on the transceiver optics that secures the position of the focus adjustment. Use the
plastic knob to adjust the focus. For path lengths between 1 and 2.25 meters, the
monitor is correctly adjusted when the image is the sight is clear. For path lengths
greater than 2.25 meters (7 feet), turn the knob to the counter-clockwise until it stops.
Once focusing is complete, retighten the metal thumb screw on the optics to secure the
focus.

1 Kugelscheibe”  wiaceknpfod
1 ball washer D.e}_jszg%p oder Reflekter

Roter Punkt Gummimanscheite 12 Tellerfedem® 1 Mutter* measuring head or
Zunachst Mutter B anziehen red dot rubber collar 12 spring washersy 1 nut* reflector B-R 2890
Vertikalverstellung:
durch Mutter C
Herizontalversiellung:

durch Mutter A

™

: . Flansch s - - ! -
: flange 7] I
Fasten nut B first
Verfical adjustment:
through nut C Spilftansch
Horizontal adjustment: purge flange
through nu! A

=
*je 3 mal
* 3 pieces gach

(Fig. 3) Mounting on the adjustment flange

DURAG, Inc.
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3.2

Basic Adjustment of the Transceiver (Call Duragq. Inc first

During basic set-up, the transmitting LED (intensity) is set. Any previously saved
values for the system will be erased. A new clear path adjustment will need to be
performed after the basic adjustment. Do not perform this procedure unless
specifically directed by DURAG.

The basic transceiver setup should be conducted as follows:

1.

~N g b

Set up the transceiver and reflector in a dustifree room (or use a measuring pipe) to
set up the monitor to the maximum range of the reflector. Make sure the flanges on
the transceiver and reflector are parallel. Clean the optical surfaces (exit windows)
with a soft cloth designed for opfics.

Next, open the four hasps on the transceiver head and swing it open. With a 4 mm
allen wrench, remave the six screws that hold the cover in place. Close the transceiver
and latch it shut with the hasps.

In the transceiver, push switches 82 and 83 into the “ON T position, in the multiple
switch S4, switch S$4/6 should be in the “OFF 4“ position and the three=position switch
S5 should be in the center (enabling data entry).

Power up the transceiver and AW controller (Plug St. 1).
Line 1 of the LCD display should read: ZERO EXT. CALIB .
Optically align the transceiver. (See page 8, Optical alignment )

Return switches 82 and 83 to the lower, OFF { position, then push switch S5 toward
the front of the monitor (for calibration cycles) until the yellow LED blinks. Return
switch $5 to the center position; the yellow LED should continue blinking for the rest of
the basic setup procedure. The red LED should be constantly lit, indicating that data
enfry is enabled. The LED current will be calculated against the exiernal measurement
path. The lower line of the LCD display should be working and segment four will
display the LED current value. The displayed value should be between 700-1000. A
value 0f4000 corresponds to an LED signal of approximately 100 mA.

If S4/6 on the S4 switch is returned to the ON T position before the basic set-up is
completed, any previously recorded filter audit (linearity) data will not be erased.

Line 1 Segment 1 Segment 2

Line 2 Segment 3 Segment 4

BURAL, Inc.
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Page 10 D-R 290

9. After the LED current is set, the monitor will determine the amplification of the
comparison normal light beam. The lower line of the display will be active and segment
three will show the amplification factor. This should be between 10-50.

Line 1 Segment 1 Segment 2

Line 2 Segment 3 Segment 4

10. After the basic setup is complete, a calibration cycle will run (the yellow LED will go
out). To prevent any further changes to the monitor set-up, put switch S5 to the back

(the red LED will extinguish}. On switch 84 put $4/6 in the ON T position. If $4/6 on the
S4 switch was already returned to the ON T position before the basic setup is
completed, any previously recorded filter audit (linearity) data was preserved.

Line 1 Segment 1 Segment 2

Line 2 Segment 3 Segment 4

11.  Once the basic setup has been completed (the yellow LED will not be lit), disconnect
the transceiver and controller (power off) and replace the cover with the six screws.

DURAG, Inc.
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3.3

Offset Calibration (Call Durag, Inc first)

After the first basic set-up, the offset calibration must be run.

1.

2.

Switch $2 should be in the ON position and switch $6 should be in position 1. The first
line of the LCD display should read: TEST STEP # 01.
Press the S7 +key (see switch S6 test functions on page 22). This will foggle the

transceiver head into comparison mode and the transmitting LED will be turned off. Te
first line of the LCD display will alternate between the error message #+ ERROR 50 =+
(LED fault) and TEST STEP # 01.

Use potentiometer P1 to adjust the current at test point MP 3 to read 20 mV, using

capacitor C37 asground ( 1000 i F/ 25V ).

Line 1 Segment 1 Segment 2

Line 2 Segment 3 Segment 4

Put switch 82 in the OFF position and switch $6 in the 0 position.

Disconnect the transceiver and controller (power off) and repeat the basic set-up in
page 9.

BURAG, Inc.
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3.4

Setting the Light Intensity of the Internal Zero Point Reflector

The internal zero point reflector must be adjusted so that it reflects the light beam with
the same intensity as the D-R 290 R reflector on a dustfree measuring path.

Set up the transceiver and reflector in a dustfree room to the exact path length at the
installation site. Make sure to calculate the additional distance needed to account for
the washers and fail-safe shutters. If the path length at the installation is unknown, use
the maximum length for the reflector (2.25 m for reflector 1, 12 m for reflector 2).

Open the four hasps on the transceiver head and swing it open. Remove the six 4 mm
hex screws and remove the cover. Close the transceiver head and refasten the hasps.
Connect the transceiver head and controller (plug St. 1). Once furned on, the D-R 290
will run a self-check and the comparison light beam will be checked. Line 1 of the
display should read: REF.LIGHT CHECK. After the system automatically sets the LED
intensity, the unit can be adjusted (the yeliow LED will go out).

Line 1 Segment 1 Segment 2

Line 2 Segment 3 Segment 4

For this calibration, push switch $2 on the D-R 290 MK number 20 board into the upper
ON T position, and the service switch $6 in the test function 4 position. Press the S8 —
key to bring the reflector into position on a dust-free path (clear-path). Measure the
signal at test jack MP.2 {(external zero point) to the ground on the C37 (10001 F / 25 V)
capacitor.

Press the 87 + key b bring the internal zero reflector into position and measure the
voltage at the MP.2 test jack. The internal zero point reflector must be adjusted to have
the same light intensity (current) that was measured with the external zero point reflector
(max. tolerance: 5).

To run he calibration, loosen the ring on the zero point reflector that locks its position
(turn to the left). The reflector can be calibrated by rotating the reflector insert. Turning
to the right will reduce the light intensity and give a lower current reading. Turning to the
left will increase the light intensity and yield a higher current. When the measured signal
for the internal zero reflector is the same as the signal measured for the external

DURAS, Inc.
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reflector, tighten the locking ring on the refiector insert by turning it to the right. Affer
you are done with the adjustment return the switches.
7. Run the clear path calibration procedure from page 12 starting at paragraph 3.

Nullpunktreflektor

Reflekioreinsatz

Sicherungsring

( Fig. 4) Internal Zero Point Reflector

BURAG, Inc.



.‘ ..4,
S—

L——

| S—

[ S—

Page 14 D-R 290

3.5

Clear path procedure

The clear path procedure should be run in the following order:

= OO~ ®

11.

12.

Set up the transceiver and reflector in a dustfree room fo the exact path length of the
stack where they will be installed. Make sure to include the appropriate allowances for
the disk washers and fail-safe shutters. Clean the optical surfaces (exit windows) with a
soft, optics -safe cloth.

Open the four hasps on the transceiver and swing the housing open. With a 4 mm allen
wrench, remove the six screws that secure the cover and remove it from the housing.
Swing the transceiver head closed. Supply power (connect plus “St1”) to the transceiver
and the D-R 290 AW controlier. Once turned on, the D-R 280 will run a selfcheck cycle
and check the value of the comparison light beam. The LCD display will read:
REF. LIGHT CHECK on line 1. Once the automatic start-up has been completed and

LED intensity has been set, the system can be calibrated (the yellow LED will go out).

Line 1 Segment 1 Segment 2

Line 2 Segment 3 Segment 4

Put switches S2 and S3 in the upper, ‘ON T “ position, Display line 1: ZERO EXT.
CALIB .

Optically align the transceiver head.

{see page8, Optical alignment )

Return switches $2 and 83 to the lower, “OFF 1" position, the press switch 85 (fowards
the front of the monitor). Switch $5 can then be moved back to the center position, at
which point the yellow LED should continue blinking and the red LED shouid be
continuously lit. The lower line of the display (on the AW controller) should be working.
Display line 1: LED INT. CALIB the comparison light beam is calibrated.

Display line 1: ZERO POINT CALIB the internal zero point value is calibrated.

Display line 1: SPAN CALIB The reference light path is calibrated.

Display line 1: ZERO EXT. CALIB the external zero point value is calibrated.

After the clear path calibration procedure, the system will run a selfcheck again,
indicated by the blinking of the yellow LED. To allow these new clear path values to be
saved, switch 85 must be pushed back (the red LED will go out).

Disconnect the power to the transceiver head and the AW controller. Loosen the 4
hasps on the transceiver head, swing open the transceiver, and replace the lid to the
housing, making sure to secure all six screws. The transceiver head can then be closed
and the hasps fastened again.

Reconnect the transceiver and AW controller (supply power). When the D-R 290 is
turned back on, the sysem will again run a self-check cycle.

DURAG, Inc.
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3.6

3.7

Manual calibration of the internal zero point (Window Check)

If the internal zero point value still requires adjustment after the automatic calibration
procedure, this calibration can also be initiated manually.

Clean the optical surfaces (exit windows) with a soft, optics -safe cloth. Using the “MOD”
and “+" keys on the D-R 290 AW controller, select the “Window Check” measurement.

On the D-R 290 MK No. 20 board in the D-R 290 MK transceiver, switch $4/4 on the 6-
slot switch block #4 should be set to the “OFF 4" position, and switch 83, which controls
the calibration cycle, should be in the “ON T* position. Switch 85 must be positioned to

enable data entry (center position), as indicated when the red LED is lit. The first line of
the LCD display should alternate between OFFSET -- + and WINDOW CHECK.

With the S8 |Z| key (decrease displayed value) and the $§7 (increase displayed

value), the internal zero point can be corrected to 4.0 mA. It is important, however, to
remember that the internal zero point is calculated over a 10 second integration
time. Using the S7 and S8 keys briefly best makes this adjustment, and then waiting
ten seconds to view the changes after the integration time has passed. If the value is
still not correct, repeat this process as necessary. As long as one of these keys is
pressed, the yeliow LED will light.

Once the calibration is complete, return the switches to there default positions: S5
locked (the red LED goes out), switch S4/4 on #4 should be in the ON Tposition. Switch
83 should be in the OFF { position. Replace the cover and tighten the mounting screws.

Manual Calibration of the External Zero Point (Call Durag, Inc first)

If the external zero point value still requires adjustment after the automatic calibration
procedure, this calibration can also be initiated manually.

Set up the transceiver and reflector in a dustfree room (or use a measuring pipe
between the heads) to the exact path length of the stack where they will be installed.
Make sure to include the appropriate allowances for the disk washers and fail-safe
shutters. Clean the optical surfaces (exit windows) with a soft, optics safe cloth. Select
a short integration time, such as 8 seconds, on the D-R 290 controller and then choose
“External Zero”.

On the D-R 280 MK No. 20 board in the D-R 290 MK transceiver, switch S4/5 on the 6-
slot switch block #5 should be set to the “OFF 4" position, and switch $3, which controls
the calibration cycle, should be in the “ON T* position. Switch 85 must be positioned to
enable data entry, as indicated when the red LED is lit. The first line of the LCD display
should alternate between OFFSET - + and OUTPUT X.

With the S8 [-] key (decrease displayed value) and the 87 key (increase displayed
value), the external zero point can be corrected to 4.0 mA. |t is important, however, to
remember that the external zero paint is calculated over an integration time. Using the
87 and S8 keys briefty best makes this adjustment, and then waiting a £w seconds to
view the changes after the integration time has passed. If the value is still not correct,
repeat this process as necessary. As long as one of these keys is pressed, the yellow
LED will light.

At the end of the calibration, return the switches to their default positions.

BURAG, Inc.
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3.8 Checking the linearity on the path length (EPA filter audit)

Set the D-R 290 to a short integration time and select the value (external zero point) that will
be tested. The display should read OUTPUT 1.

Testing according to EPA reqgulations.

The linearity of measurements in the measurement range from 0-100% with a stack
correction factor of 1.000 are tested. A filter holder should be set-up at the midway point of
the measurement path angled at less than 10-15°. During testing, the monitor should read
within + 1.5 % of the standard value for the filter. If the linearity needs to be recalibrated,
follow the procedure on 18, EPA filter audit test (linearity calibration).

DURAG, Inc.
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3.9 Filter audits in the control mode

Die The control mode also aliows for filter audit
testing to EPA regulations. The testing should
run using the output 1 measuring range. This
will measure the OP measuring range with a
stack correction factor of 1.

be
test

{ Fig. 5) EPA - Test filter

R :

After selecting the control mode (display: CONTROL MODE), press the STO key to run a
window contamination check and bring the display to 4 mA, if needed. Open the hasps on
the transceiver head and swing it open. The unit is now ready for filter audit testing. A
special holder has been built into the transceiver to hold the calibration filters, (see illustration
above. During testing the, the monitor should read the standard value of the filter within + 1
%. [f these values are not linear, repeat the procedure on 18, EPA filter audit test (linearity
calibration).

DLURASG, Inc.
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3.10 Testing the reference filters

Select the span / reference value check, (the display should read SPAN CHECK) from the
D-R 290 AW controller. If the span value is approximately 71%, this value shouid be
recalibrated, as described on page 18, EPA filier audit test (linearity calibration).

3.11 EPA filter audit test (linearity calibration) {Call Durag. Inc first}

Select the desired value on the D-R 290 AW controller. For the linearity calibration for the
external zero (QUTPUT X), select a short integration time.

1.

After opening the cover of the DR 290 MK fransceiver, put switch 83 (calibration
function) into the ON T position. Switch $5 must be set to enable data entry and the red
LED should be lit to indicate this. On the 6-throw switch S$4, put the switch for the value
to be calibrated into the OFF { position, as indicated in the table below.

S4/1 | OUTPUT X, (current measured value , External Zero Point )

S4/2 | CONTROL MODE, (EPA filter audit test)

S4/3 |SPAN CHECK, (Internal Reference Filter)

The first line of the display should alternate between Slope -+ and the value to be
adjusted when the measured value is greater than 4.00 mA.

With the S6 EI (decrease displayed value) and S7 [+| (increase displayed value) keys,
the slope can be corrected to match the value of the test filter. Make sure to aliow for
the selected integration time to make sure the desired value has been set. Make sure to
press the keys briefly then wait out the integration time before pressing the keys again.
While the $6 and S7 keys are pressed, the yellow LED will light if the measured value is
greater than 4.00 mA.

After the adjustment, return the switches to orginal default positions: 85 locked with the
red LED extinguished, S3 in the OFF { position. Replace the cover and tighten the
mounting screws. Reset the integration on the D-R 290 AW controller and save the
value.

Disconnect the transceiver and controller (power down). Open the four hasps on the
transceiver head, swing it open, and replace the cover. Close the transceiver and the
hasps.

Reconnect the transceiver and controller (and supply power). Once turned on, the D-R 290 will
run a control cycle: for 1:30 minutes each, the D-R 290 will determine its internal zero point,
window check, and reference point values (displayed in %).

DURAG, Inc.
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0-R 290 MK No 20

( Flg. 7 ) Location of Switches in the Transceiver Head
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3.12 Transceiver Head Switch Functions
Switch $1
ON | OFF Default Setting
X Watch Dog Timer ON
Switch S2 and S3
ON | OFF Function
S2 X | Default Setting
S3 X | Default Setting
S2 X Enables a calibration cycle start using switch S5
S3 X Enables a calibration cycle start using switch S5
82 X Enables the use of the service program switch S6
S3 X Enables the start of a calibration function using switch 5S4
DIL- Switch S4
sS4 ON | OFF Default settings
6 X Basic configuration/ calibration disabled
5 X OFFSET External zero point {(measurement)
4 X OFFSET Internal zero point {(Window Check)
3 X SPAN Slope
2 X CONTROL MODE Siope
1 X OUTPUT Slope
Switch S5
Switch S5 Function

Press switch in:

Start Calibration Cycle

Yellow LED blinks

Center position

Enable data/parameter entry

Red LED is lit

On position

Disable data/parameter entry Default Setting

Red LED is not lit

DURAG, Inc.
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3.13 Changing the EPROM’s
D-R 290 AW

After replacing the EPROM chip (IC D6 on the D-R 290 AW number 30 board), the following
steps should be taken. Make sure switch 85 is in the “OFF” position and the status relays
(enable programming) are closed (Plug2 2D to 27 is shorted). When the system is powered

up, the default settings will be loaded and saved over any existing parameters. The display
should show ‘System Status ->", after which switch S5 should be returned to the “ON”
position. You will need to reprogram your mode and all the setting on the D-R290AW.

D-R 290 AZ

If you replace the EPROM chip (IC D6 on the D-R 290 AZ number 30 board) there is no set
up procedure required. Just reinstall the unit and make sure it is working right.

D-R 290 MK

When the EPROM is replaced (IC D9 on the D -R 290 MK number 20 board) a basic
adjustment maybe required, this also needs to be done if the number 20 board is replaced
with a new board. {Call Durag, Inc. first }

After the basic adjustment a clear path and filter audit test will need to be preformed.

PURAG, Inc.
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3.14 Test function (Switch S6}

To call up the test function, put switch $2 on the D-R 290 MK No 20 board into the upper ON
T position and select the desired test function with service switch 86 as shown in the table
below. Use keys 88 -- and 87 + to initiate the test step.

Watch Dog Timer Test

For test step 09, the watchdog timer must still be active, that is switch 81 should be in the
OFF { position. Pressing S8 -- or S7 + keys will deactivate the watchdog timer so it doesn’t

trip. The transceiver will restart the program. The program start begins by checking the
comparison light beam. The first line of the display will read: REF. LIGHT CHECK.

Switch | Switch Key “ -~ Key “+” L.CD — Display,
s2 S6 s8 s7 Line 1
ON 0 TEST STEP # 00

External zero
ON 1 LED ON TEST STEP # 01
ON 1 Comparison | TEST STEP # 01
LED OFF ERROR 50
ON 2 External zero Comparison TEST STEP # 02
ON 3 |Externalzero |leference TEST STEP #03
value
ON 4 External zero Internal zero | TEST STEP # 04
ON 5 Internal zero Comparison TEST STEP # 05
ON 6 EE Prom Test TEST STEP # 06
ON 7 |EProm Test TEST STEP # 07
Transceiver TEST STEP # 08
ON 8 fault ERROR 70
ON 9 Watchdog Timer TEST STEP # 09

DURAG, Inc.
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4 Circuit Board Installation

4.1

Installing a new D-R 290 MK No. 20 board

Disconnect the transceiver and controller from the power supply. Open the four hasps on the
transceiver head and swing it open. With a 4 mm Alien wrench, remove the mounting screws
that secure the cover and remove it.

1.
2.

On the D-R 290 MK No. 20 board, pull plugs X1 through X4 from their sockets.

Remove the three screws that secure the circuit board. Put the new circuit board in
place and secure it with the three screws.

Check the operafing voltage. Connect the transceiver and the controller and power
them up. Check the voltage at socket X1. The tolerance of the 15 Volt line is #5%, and

the tolerance for the +5 Volt current is +5%.

Connect the transceiver and controller and connect sockets X1 to X4 with the pins on
D-R 290 MK No. 20 board.

Power up the transceiver and controller and test the current on the right most pin of the
voltage N1 = +12V, N2 = -12V and N3 = +5V (folerance * 5 %) against the ground of the

C 37 capacitor (10001 F/ 25 V).

After changing the circuit board, run the following procedure:

6.
7.
8.
9.

10.

4.2

Basic configuration of the transceiver (see Page9).

Offset calibration (see Page11).

Set the light intensity of the internal zero point reflector (see Page 12).
Clear path calibration procedure (see Page 14).

Filter audit / linearity test (see Page 18).

Changing the EPROM (D-R 290 MK controller) (Call Durag, Inc. first)

After installing a new EPROM chip (IC D9 on the DR 290 MK number 20 board), the
following procedures must be run:

1.
2.
3.

Basic transceiver configuration (see Page9).
Clear path calibration procedure (see Page 14).
Linearity calibration / EPA filter audit test (see Page18).

DURAG, Inc.
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4.3 Changing the LED

Disconnect the DR 290 MK transceiver and the D-R 290 AW control panel (power down).
Open the four hasps on the fransceiver head and swing it open. With a 4 mm Allen wrench,
take out the six screws on the lid and remove it.

1.  Onthe D-R 290 MK number 20 board, pull the 2-pin LED connector (socket X2) from the
plug. Unscrew the three setscrews on the LED assembly.

2. Remove the old LED-assembly and put the new one in place (make sure to match the
positions of the screws) and tighten all three Allen screws. Reconnect the 2-pin LED
connector (socket X2 with the plug on the D-R 290 MK number 20 board.

After changing the LED, the fbllowing procedures need to be run:
1. Clear path calibration (see Page 14).
2. EPA filter audit test/ linearity (see Page18).

5 Plug X 1 Wiring Plan

Connection to D-R 290 MK transceiver

D-R 290 AW Transceiver cable connections

Controller
Plug Contact Plug Wire Number X:‘ Function

Terminals

St 1 32DZ Housing Shield Shielding
St 1 12D Z B 1 1 + 15 Volt
St 1 32DZ D 2 2 GND
St 14DZ C 3 3 - 15 Volit
St 2DZ A 4 4 + 5 Volt
St 1 32DZ E yellow / green 5 Earth ground
St 1 32DZ F 6 6 GND
St 8D J 7 7 RS 422 < --
St 1 8Z H 8 8 RS 422 < --
St 6D G 9 9 RS 422 -—=>
St 1 62 M 10 10 RS 422 -=>

DLURASG Inc.



D-R 290 Page 25
6 Plug X4 Wiring Plan
Zero point Comparison
Motor Plug X 4 Motor
yellow A1 B 1 yellow
black A 2 B 2 black
green A3 B 3 green
red A4 B 4 red
biue A5 B 5 blue
white A6 B 6 white
Lightb .
'f;’utpuotx yellow A7 B7 yellow Light box output
Lightb Light b
Sround | black | A8 | BB black 9t bo
Light box Light box
+%5 Volt red A9 B 9 red +%5VO"
Heated exit Heated exit
window | black | A10 | B10 black NP

BDURAG, Inc.
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D-R 290

7 Recommended Spare Parts

Part Number

Description

wdiluftsch280

Mounting

Measuring Head / Reflector
Super Wide Band Diode

Main board

PC board with light barrier

Photo element with PCB

Fuse A, per 10 pcs. (mains: 230V)
Fuse A, per 10 pcs. (mains: 115V)
Heated Disk

Internal Zero Point Reflector

Stepper Motor

Reflector Insert Type | (1.0 -2.25 m)
Reflector Insert Type Il {1.75-12.0 m)

Control Unit
CPU Board

Relay Board
Display / Data Entry
Internal Back plane

External Back plane (in wall mount housing)

Power supply

Purge Air Unit
Filter Housing FPGO5 7505

Filter Cartridge P77-5308 for FPG05 7505
Air Hose for blower, price per foot, diam. 50 mm

Accessories

DURAG, Inc.
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8 Schematics
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SECTION 2.0

DUST COLLECTOR
OPERATION AND MAINTENANCE
PROCEDURES



Particulate Matter Control Device Requirements

1. Specifications:

All particulate matter control devices shall meet an emission rate at or less than an outlet
grain loading of 0.02 grains / ft.* of air.

¢ Particulate matter control devices shall be of the Jet-Pulse design with the following
features:

o

O

@)

0

o]

Self cleaning with high pressure pulse jets of air.

Top bag removal.

Snap-in bags.

Cartridge type filters.

Self-supporting cages with integral venturi nozzles.

Timer for cleaning individual rows of bags.

Double tipping valves and rotary air locks at dust hopper outlet.
Differential pressure transmitters for on demand bag cleaning.
Noise level less than or equal to 85db at a distance of 3 fi.

Service platform and caged ladder when needed.

¢ All piping shall meet the following:

Q

0]

o}

Air flow velocities shall be between 3500 — 4000 ft./sec.
Pipe bends shall have a minimum radius of 2 x pipe diameter.

Pick up points shall be designed in accordance with the standards set forth in
“Industrial Ventilation” published by American Conference of Governmental
Industrial Hygienists.

 Yans shall be designed so that noise levels are less than or equal to 85db at a distance
of 3ft.

2. Installation:

° Allparticulate matter control device and fan installations shall provide adequate access
for personnel and any maintenance activities that might be needed.

o Clean air shall be provided for bag the cleaning system.

3. Operation:

@M International, Inc.



All operation shall be followed according to manufactures guidelines and specifica-
tions, located in maintenance files. Atno time shall a dust collector be modified without
proper engineering and required air permitting.

Monitoring — Particulate Matter Control Devices

1. Process Particulate Matter Control Devices:

Static pressure across the particulate matter control device shall be monitored by the use
of a differential pressure transmitter gauge and fan amperes. The differential pressure
transmitter will have an output signal to the control room as well as a dial for readings
taken at the dust collector. If a control room operator gets an alarm of a high or low
differential pressure reading or a variation in fan amperes he will notify the shift
foreman. The shift foreman will investigate the nature of the problem and corrective

actions will be taken as follows:

o Iftheforeman detects visible emissions he will initiate an excursion work order and
call a particulate matter control device repairman to fix the problem. The repairman
will follow the guide lines in the “Trouble Shooting Section” to make the needed

repairs.

o Ifno visible emissions are detected he will initiate an excursion work order and call
an instrument repairman to check the instruments.

o The foreman will log all incidents in his shift log.

All incidents requiring instrument or particulate matter control device maintenance
personnel will be logged into the computerized MP2 maintenance system as an
excursion work order, identified by the particulate matter control device nomenclature.

After any repairs are done due to visible emissions, a visual emissions check will be
made to ensure the particulate matter control device is operating properly before it is
released to production personnel.

2. Utility Particulate Matter Control Devices:

It is the responsibility of all Phoenix Cement Company employees to report any visible
emissions from any particulate matter control device when observed. Ultility dust
collectors are checked weekly by particulate matter control device repairmen and the
results of their inspections are recorded in their maintenance logs. If visible emissions
are reported by an employee or particulate matter control device repairman the
following actions are taken:

PSM International, Inc.



The shift or dust particulate matter control device foreman is notified. In the event
a shift foreman is notified he will follow the procedures for process particulate
matter control devices. If the dust particulate matter control device foreman is
notified he will instruct the needed personnel to repair the problem,

After repairs have been made according to the particulate matter control device
foreman’s instructions, repairs will be logged into the computerized MP2 mainte-
nance system. Before releasing the particulate matter control device to production
personnel a visnal emissions check will be made to ensure the proper operation of
the particulate matter control device. ‘

Inspection and Maintenance

1. Scheduled Inspections:

All particulate matter control devices will have a weekly inspection by a particulate
matter control device repairman. The inspections will be setup in the computerized
MP?2 maintenance system and all inspection reports will belogged onto the system. The
following items will be inspected:

O

o

Inspect for visible emissions.

Check differential pressure to be sure it is in the normal ran ge for that particular dust
collector.

Inspect blow pipe valves for malfunction.

Determine whether water trap on air header are properly draining.
Inspect fan for vibration, hot bearings, loose belts, and air leaks.
Inspect ductwork for holes.

Check damper linkage and proper damper setting (if equipped).

Check for proper operation of the tipping valves or rotary air lock at the dust hopper
outlet.

Inspect dust hopper for plugging.

Inspect the screw or aeroslide under the tipping valves or rotary feeder for
malfunctions.

Inspect dust collector inlet pipes for plugging.

Check air connections and instramentation connections.

Inspect manometer for fluid (if equipped).

Inspect particulate matter control device housing for cracks and holes.

Inspect timer operation.




o Inspect timer to determine whether it is operating according with specifications
located in maintenance files.

2. Repairman Duties and Responsibilities:

o The primary responsibility of the repairman are to:
o Install and maintain various types of particulate matter control devices.
o Maintain internal and external equipment associated with dust collection.
o Maintain airlines, airline oilers, and cylinders.
o Make repairs to pérticulate matter control device equipment.

o Trouble shoot any particulate matter control device problem and determine what
repairs will be needed.

o Make inspection reports for particulate matter control devices.
o Check for visible emissions and record differential pressure in inspection report.

o Immediately notify particulate matter control device foreman of any operational
problems assoctated with the particulate matter control device.

o Be available on off hours if needed for urgent repair work.

Particulate Matter Control Device Startup and Shutdown

1. General Conditions:

» When new bags are installed, the particulate matter control device must be brought on-
line slowly to avoid permanent damage to the filtration media. Without protective dust
cake, clean filters are sensitive to dust abrasion and penetration of fine particles. Pust
penetration can lead to permanently reduced permeability. The velocity should always
be kept low until a sufficient dust cake is built on the bags. This will be indicated by
a pressure differential of 1-2 inches water column. The gas flow can then be slowly
increased to the design rate.

2. Startup:

e Ensure all particulate matter control device components are in good working order and
are in proper operating mode.

» Avoid passing below the dew point when dirty gases are present. The air in the system
should be above the dew point before the introduction of feed into the system.

o (Check monitoring devices for proper operation and calibration.

3. Shutdown:
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Remove the feed into the system before allowing the temperature to descend below the
dew point. As the collector cools, moisture may condense on the bags once dew point
is reached. The inlet and outlet temperatures should be consistent and below the dew
point.

Do not store dust in the hopper. The presence of any moisture can cause it to harden,
making it very difficult to remove.

Allow bags to clean down after dust has stopped entering the hopper and remove this
material from the hopper, but do not over clean the filters.

Check to see that all components are in the proper shutdown mode.

General Operation and Troubleshooting

1. Particulate Matter Control Device Fans:

e As ventilation system changes are needed fo accommodate increased production,
ventilation needs, or process changes, more airflow is required. If a system has not
changed, but airflows are not at the designed level, troubleshooting the fan may return
the system to the designed performance level. Follow these steps for checking fan
performance:

o Check the mechanical condition of the fan.

Inspect the fan drive belts for loose or out of alignment conditions. This condition
could account for as much as a 20% decrease in fan speed. Check the alignment of
the inlet cone and fan wheel. Set to manufactures designed settings for maximum
fan performance.

o Keep the fan clean.

If dust buildup is detected on the fan wheel it must be cleaned to return the fan to
it’s peak designed capacity.

o Check {or correct rotation.

If repairs are done to the fan motor, rotation must be correct for the fan to move the
designed airflow. Fan rotation must also be checked on startup of any new fan
installation.

o Check dampers and controls.
Look for stiff operating dampers or looseness in the control linkage.

s  Atno time shall a fan be operated beyond its designed speed. If more airflow isrequired
for the system, engineering will be consulted as to any desired changes to the fan or
particulate matter control device. Prior to any changes to the fan or particulate matter
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control device, air operating permits will be checked and a determination will be made
as to the need for permit modifications.

2. Differential Pressures:

Differential pressure across a dust collector is of major concern when operating a
system. High differential pressure can cause damage to the filters or be an indication
of decreased airflow through the system. Low differential pressure can cause fabric
bleedthrough and blinding if the dust cake 1s too light.

The location of differential pressure taps is critical to proper pressure monitoring.
Pressure taps will be located directly above and below the tubesheet to eliminate
mechanical losses in the gauge readings. One of the following pressure gauges will be
used; manometer, Magnahelic, or differential pressure transmitter. A sudden drop
pressure will indicate a leak in the system. A sharp rise in pressure will indicate the
filters are blinded or “caked” with particulate.

For a particulate matter control device to operate efficiently, the fabric filiers must
capture and release particulate during the cleaning cycle. The effectiveness of this
process depends on the development of an initial control layer of dust that protects the
fabric interstices.

3. Pulse-Jet Types:

In pulse-jet particulate matter conirol devices, the cleaning function not only removes
the collected dust, it rearranges the remaining dust cake structure on the bag, resulting
in a change in differential pressure. In a unit with high upward gas velocities,
mechanical separation of the fine submicron dust can occur, creating a dust cake
structure thatis very dense. A dense dust cake creates a greater resistance to airflow and
higher differential pressures.

Pulse Cycle.

The cleaning cycle for standard high pressure, low volume pulse-jet collectors should
be adjusted so the pulse duration produces a short, crisp pulse that creates an effective
shock wave in the bag. This duration is generally set to fire for 0.10 to 0.15 second,
based on the manufactures recommendations. {Other styles, such as low pressure, high
volume pulsing and medium pressure, medinm volume, use different settings to operate
and should be examined on an individual basis.)

* The frequency of the pulse cleaning is also vital to proper dust cake retention. This

frequency can vary from 1 to 30 seconds or more and is adjusted by means of a setting
on the timer board or PLC.

To ensure proper cleaning frequency, an automatic “clean-on-demand” system utiliz-
ing a pressure switch such as a differential pressure transmitter can be installed. This
type of system automatically steps through a cleaning cycle that starts when the high
differential pressure set point is reached and stops when it cleans down to the low




differential pressure set point. It can also save on compressed air usage. Therange on
the high/low differential setting should be 0.5-1.0 inches maximum.

On pulse-jet types, the pulse frequency can be increased. However, the next pulse
should not be programmed to fire until the compressed air pressure is regained so the
same pulse force is obtained for each row cleaned. The regain of air pressure is
dependent on the capability of the compressed air system tied to the dust collector and
the size of the compressed air piping run to the header tank. The pipe should be large
enough to repressurize the header in a minimum time. Typically, the feed line should
be a 1 inch diameter pipe, depending on compressed air used.

Troubleshooting Pulse-Jet Cleaning.

Pulse-valve malfunctions are usually caused by diaphragm failure or dirt, oil, and / or
moisture getting into the valve body. These problems can be identified by disassem-
bling the valve and inspecting it. Before checking valves, verify that the tubing and -
fittings between diaphragm (pulse) valves and solenoid valves are not leaking, and that
the tubing is connected to the inlet port on the solenoid valve.

Prior to servicing the diaphragm valve, the timer board, and the solenoid pilot valve
needs to be checked for proper operation. If it is malfunctioning, refer to the
troubleshooting flow chart at the end of this section.

Cage Inspections.

Cages are to be inspected any time a new bag is installed. The most common problems
are bent and damaged cages that cannot properly support the filter bag. Cages in
corrosive environments can eventually rust and pit.

Corroded areas begin to abrade the fabric as it flexes during the cleaning cycle. Cage
bottom pans with sharp edges can cause similar damage.

Bag to Cage Fit.

For proper performance of pulse-jet filters, the fit relationship between the bag and cage
1s critical. Filters that are too loose or too tight will severely limit collection effici ency
and lead to premature physical failure.

Pulse-Jet Bag Installation.

Cormrect filter bag installation is important to maximize the life of the fabric. Bags with
flanges or cuffs that fold over the tops of their support cages should be checked for
smoothness around the edge to prevent leakage and bag abrasion. Seam placement on
bottom load bags should be 180 degrees from the split or gap in the cage collar. The
clamp on these bags should be installed 90 degrees in relation to the seam on the bag
and positioned on the groove in the cage. Snapband bags for top access pulse-jet units
should be installed with the seams all facing the same direction. This allows for
1dentification of areas where problems are occurring and improved troubleshooting of
the unit.

@M International, Inc.



4. Reverse Air Types:

To get the maximum performance in reverse air systems, it is necessary to monitor the
manometer or Magnehelic gauge on each compartment during the cleaning cycle. A
reading should be taken at each of the following times:

o Before the module starts to clean.

o When the module is isolated before the reverse air damper opens.
o When the reverse air is energized.

o During the null period after the reverse air.

o When the module is returned to service.

When the module is isolated, any reading other than zero on the manometer is an
indication that the isolation damper is not sealing. Air moving through the module due
to leakage can affect the ability of the reverse air to provide maximum cleaning
efficiency. Also, improper tensioning of the filter bag can cause ineffective bag
movement resulting in poor cleaning and bag abrasion.

Itis also very important that the “null period” of collection after cleaning be of sufficient
time to allow for the fine particles to fall the length of the bag and be collected in the
hopper. (This is also true for shaker collection.)

Compartmental Valves and Dampers:

Off-line compartmental cleaning requires isolation from the rest of the collector to get
effective dust removal from the filter bag. Regardless of the type of damper or valve
used to achieve this, certain conditions can be checked to ensure proper isolation. The
seat of the valve is primary to a good seal.

Another common problem is material buildup in the plenum around the valve that could
prevent the valve or damper from sealing properly, particularly if moisture is present
in the gas stream. Corrosion on the valve seat can also prevent a good seal.

Consideration of valve and damper maintenance requirements during the initial desi gn
phase or when making changes to a system will help ensure trouble-free and effective
operation of these assemblies. Components that are replaced in difficult access areas
may not receive necessary maintenance.

3. Air Inleakage:

Small air leaks will starve a dust collector system. In a ventilation system, the fan is
sized to overcome all of the design static resistance in the system. The suction pull is
greater at leaks located closer to the fan, and the volume of inleakage increases. To
calculate the volume of inleakage, use the following formula:

CFM = 4,005 Y VP x Area (ft.%)

VP = velocity pressure in inches w.c.



-]

CFM = airflow in ft.> /min.

Leakage in a positive pressure system located after the fan outlet will cause dust
emissions and housekeeping problems,

On the negative pressure side of the fan, inleakage causes air volume problems by
reducing suction at the pickup points. While not as large a problem as with hot gas,
corrosion can still form around leaks due to moisture from ambient air being drawn into
the system.

Opportunities for inleakage exist through the ventilation system. Common trouble
spots are expansion jomts, access doors, screw conveyor covers, rotary air locks, poorly
connected seams, existing corrosion spots, or cracked welds.

Ambient Air Leaks In Hot Gases:

The fan is a mechanical pump that moves a set volume of air. The air capacity of the
fan is determined by the pressure resistance of the system. The fan is a fixed volume
machine since it typically runs at a fixed speed. Temperature changes also cause load
changes to the fan drive.

Inleakage of ambient air satisfies the volumetric needs of the fan reducing the process
hot air because of its greater air density. The density of ambient air is almost 1.5 times
heavier than process air at 325°F.

Inleakage can also lower the operating temperature below the dew point, causing
condensation with the following results:

o Increased maintenance and replacement expenses due to component corrosion and
deterjoration.

o Shortened filter bag life caused by surface agglomeration and chemical attack.
o Higher static pressure losses across the filters.

o Lower gas flow because of a denser dust cake.

Sequencing Compartment Cleaning:

In systems where dustis delivered to a screw conveyor, the amount of dust removed can
be dependent on the sequencing of the modules above the screw.

Improper sequencing of the cleaning system on a compartmental dust collector with
pyramid hoppers can cause overloading of the discharge screw conveyor and poor dust
removal. This can cause overfilling of hoppers, and in tum, bag wear, higher pressure
drop, and reduced gas flow.

When a compartment cleans, the material often has substantial volume and fills the
lower portion of the hopper. This volume immediately fills the screw conveyor. As
subsequent hoppers clean, it may be impossible for the new material to be discharged
until the material from the previously cleaned compartment is fully removed from the



screw conveyor. The compartment cleaning should be sequential in a manner that is
concurrent with the screw conveyor flow. Begin cleaning with the compartment
furthest from the discharge and finish with the compartment closest to the discharge
area, Inaddition, the air locks and screw conveyor must be adequately sized to handle
the maximum dust load the collector may experience.

Bag and Cage Damage evaluation

Damage

Cause

Solution

Options

Bags have intemal
abrasion marks along
vertical wires.

1. Cage wires are
deeply pitted as a
result of excessive
corrosion.

2. Bag is oversized.

1. Replace with new
galvanized steel
cage.

2. Replace with new bag
that is the correct
size.

1a. Use a mild steel
cage if chloride and
moisture (HCL) are
present.

1b. Use an epoxy
coated cage.

Cuts and/or internal
damage is noticeable at
the bottomn of the bag
where it contacts with
the edge of pan.

Sharp edge on pan.

Use cage with rounded
edge pan.

Increase the number of
vertical wires {o reduce
amount of fabric drawn
between wires across
edge of pan.

Cage body has
callapsed; broken
welds and bent wires
have caused bag wear
points.

1. Cage has been
weakened by
corrosion.

2. Pressure exceeds
cage strength.

3. Rough handiting by
maintenance crews.

1. Replace with
standard cage.

2. Change operating
conditions o reduce
differential pressure.

1. Replace with a
coated cage or a
stainless cage.

2a. Increase the
number of cage rings.

2b. Make cage from
heavier gauge wire.

Bag failure resulting
from excess fabric
slack pinch above top
ring or below bottom
ring.

Cage is tapered or
bowed between the ring
and the pan.

'I_:Jesign cage with
minimal taper (larger
pan or top).

Change ring spacing o
minimize taper or
bowing.

Flex line failures
between the vertical
wires.

Bags are not
adequately supported
by cages.

Replace with cage
providing more support
{20 vertical wires and/or
closer horizontal ring

spacing}.

1. Convert from 10 or
12 wire cage to 20 wire
cage design.

2. Reduce ring spacing.

Bags are difficult to
remove from bags.

Corrosion causes
rough surfaces which
increase friction
between the bag and
the cage. {Actual
chemical bonding
between the cage wire
and fabric can occur.)

Replace all cages with
new standard cage.

1. Use ceated or
staintess steel cages.

2. Convert to omni top
cages to allow for
removal of snapband
bags and cages as an
assembly.




SECTION 3.0

CORRECTIVE ACTION PROCEDURES



Troubleshooting Chart

Problem Problem
Lack of airat Emissions from
Process stack
1s system wrned Poes dust cojlector Check cleaning
On? —YES Have a high YES mechanism
Differential pressure
[ i
NO NO
| Start systern & Are emissions Visually check
Check differential visible at the for leaks & check
Pressure stack? YES differential
—DNCSSUIE e
STEP A STEP B STEP C STEP D STEP E
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Isfan polling
Design load amps?

YES

v

Is fan vibrating?

YES

v

Check for damage
Or malerial buildup

STEP A

o]

Are belts tensioned
Properly?

| Retxrn & check
NO Differential pressure

NO

YES YES
Isfan rotation NO Change motor leads &
Corred? Check differential
Presaire
YES
Is fan damper ) | Open damper & check
open? NO differential pressure
YES

v

Isair volume at

Check for obstructions

Fan rated capacity? NO In ductwork & remowe
YES
Is ductwork or i Check differentiat
System leaking? NO pressure gauge for
Proper operation
YES



Isfan pulling

Design load amps?

|

v

Isfan vibrating?

I Are belts tensioned
NO Properly?

YES

YES

y

l Check for damage |
Or material buildup

STEP A

Isfan rotation
Correct?

YES

v

Isfan damper

open?

Isair volume at —
Fan mted capacity?

e

YES

Isductwork o e
System leaking?
YES

l’"""’ BSM International, Inc.

>I Retorn & check
NG Differential pressure

YES

v

NO ' Change motor leads &
Check differential
Pressitre

) i Open damper & check

differential pressure

Check for ohstructions
NO In ductwork & removwe

—P Check differential
NO pressure gange for
Proper operation




’ Is here power in
& out of times?

NO &for repair & out of timer?
_._.[._—_ timer

YES YES
Is manifold Check for leaking Are isplation
Pressure at ’ soleroids & pulse dampers sealing
Manufacturer’s NO valves; check propetly?
Recommended compressed air
Setting? source and check

differential
I pressure

YES YES
Do solenoids & Repair solenoid or Isteverse air
Diaphragms diaphragm & check fan nanning?
Operate properly? NO Differentiat

-——I— PP POrrrr——— ———l-————

YES YES
Is pulse duration Change setting & Is1e verse air fan
Arrecommended check differential rotation correct?
Setting? Pressure
{0.1-.015 sec.) NO

YES YES
{scleaning Change setting & Is cleaning cycle
Interval at the check differential for reverse ar
Lowest setting pressure dwell set at
That will allow NG manufachurer’s
Air manifold specifications?
Pressure to
Build?

-

STEP B

Tam on power

Is here power in

PSM International, Inc.

STEP C

Tum on power

NO &/for repair
tiroer

Adjust &for
repair & check
differential

pressure

Tum on & check
differential
pressure

NO

Change motor
Leads & check
differential

NO pressure
Change setting &
check differential
pressure

NO



Is here power
in & outof

Tum on power
&lor repait

Timer? NO Timer
YES
15 air pressure Check for leaking
Atpulse valves solemids & pulse
Manufacturer's NO valves; check
Recommendaticn ? Compressed air
Source & check
Differential
Pressure
YES
Doselenoids & Repair solenoid
Diaphrapms operate ordiaphragm &
Properly? NO Check differential
_'__..._._.._ N cJ- T T 7 SO
YES
Is pulse duration at Change setting &
Recommended —J1 check differential
Setting? (0.5 sec) NO pressure
YES
Are poppet valves Adjust &for repair
Sealing closed? Pappet valves &
NO Check differential
I pressure
Is¢learing interval Change setling &
Al the lowest that check diff erential
Will allow air pressure
Manifold pressure NG
Torebuild?
YES

v

STEPF

Check pins, keys,
bearings etc. repair

Retension & check
differential
pressure

Does isolation Repair isolation

damper close damper or stop fan.

or ID fan stop NO check differential
YES

Is shaker cleaning Shorten interval &

interval at the check differential

shoriest mlzrval pressurs

Between NO

Compartments?

e

STEPF




STEP F

Pulta bag & runa
Permeabi lity test
Tocheck for
Blimding

J

l

YES

v

Isbag blinding?

>
STEP G

NO

v

Analyze for cause
Of blinding &
Correct; repliace
Bags & check
Differential
Pressure

STEP G

Dees airkloth Damper fan volume
exceed §:1if Pulse- dowr/evaluate
jevor :1if pleated media
plemum pulse or NO conversion
Reverse air
I
YES
Are bags experiencing Add mechanical device
high grain loading? NO ta reduce load & check
| Differential pressure
YES
Is material stored or Remo ve material

accumuiated in NO centinuously & check
hopper? Differential pressure
I
YES
Check infet duct entry

Design & modify to
Reduce bad; check
Differential pressure



Formulas

ACFM Actual cubic feet per minute PSI Pounds per square inch

AMP | Amperage RPM | Revolutions per minute

Dia diameter Sp Static pressure

FPM | Feet perminue SPWG | Static pressure water gauge

L length \2 % Velocity pressure, inches of water

Total CFM = Velocity (FPM) x Duct Area (ft?)

Velocity = 4,005 YV VP at standard Conditions (70° F at sea Level)

Velocity at Elevated Temperatures and sea Level, Using Standard Pitot Tube:
Velocity, FPM = 174 V(VP x Air Stream Temperature °F + 460

Total Cloth Area, ft.>= [(Bag Dia (in.) x 3.14 x Bag L (in.)) + 144] x Total Number of
Bags

Gross Air-to Cloth Ratio = ACFM + Total Cloth Area (ft.?)

Net Air-to Cloth Ratio = ACFM + Total On-Line Cloth Area (ft.?)

1 in. SPWG =.578 oz./in? = .0361 PSI = .0735 in. Hg (Mercury)

1 PSI Air Pressure = 27.70 in. SPWG = 2.036 in. Hg = 0.068 Bar = 0.0703 kg./cm’

Can Velocity = ACFM =+ [Total Tube Sheet Area (ft.?) — (Hole Area, (ft.%) x Number of
Holes]

7,000 Grains =1 1b. = 16 oz. = 453.6 grams 11b./ft.* = 0.0624 kg /m’

Grain Loading Expressed in Grains/ft.’ = (Lbs. Of Dust Handled per Minute x 7,000)
+ ACFM

Lbs. Of Dust/Minute = (Grains/ft. x ACEM) x 7,000

1 Horsepower = 1.34 kilowatts

1 inch =25.4 mm = 0.0254 meter

°C =(°F - 32) x (5/9) 'F=[°Cx (9/5] + 32
__(530°F)

SCFM = ACFM x Actmal Temperature (°F) +460° F
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SECTION 4.0

INSPECTION PROCEDURES -
COMBUSTION SYSTEM COMPONENTS



SECTION 4.1

KILN BURNER INSPECTION AND MAINTENANCE
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39651--03
5. MAINTENANCE
5.1 Preventive maintenance, survay
1 Lubrication
.2 Cleaning
-3 Inspection and adjustment
4 Checking of condition
.5 Replacement (Incl. lubsricants)
8 Performance tost
Pos. Taxt 2 3 4 .5 8
00 Burner installation 448 A A
03 Burner A
05,44 | Expansion joints A
20 Bumer pipe D M T
25 Coal inlet A T
33 Ceantral duct A T
40 Comnical zir nozzle A T

D = por 8-hour operation

8 = weekly

M = menthly

A = yearly

T = see toxt in instruction

manual

A number in front of the
letter Indicates the fre-
guency of procedure.

For example, 2iM = twice a
month.




30651--03 H—ﬁ

5.1.2 Clean-up

5.1.3

Buner installation {00). General cleaning on and around
the equipment.

Burner pipe (20). Remove deposits from the burner pipe.
Inspection and adjustment

5.1.4

Burner (03). When the kiln is shut down, check that the
burner is correctly positionad in the kiln.

Checking of condition

5.1.5

Burner instaliation (00). Check that all hoses and expan-
sion joints are intact. Check the tightness of the closing plate
atthe door.

Burner pipe {20}. Make a visual chack to determine if the
ceramic coating has sustained damage.

Coal inlet (25} and central duct (33). Check the Densit
lining for wear.

Conical air nozzle (40). In connection with reconditioning of
the burner pipe, check the condilion of the castable around
the conical air nozzle. Also check whether the nozzle is al-
fected by corrosion and/or cracks.

Replacement

Burner pipe (20). i the visual inspeciion reveals damage
involving a partial exposure of the steet surface, the bur-
ner pipe must be replaced immediately. The pipe must
always be replaced in connection with the annual shut-
down for maintenance. A complete spare bumner pipe unit
consisting of burner pipe with swirler unit and air nozzle, in-
clusive of lining, must always be held available at the plant,

For replacemeant of burner pipe, see sub-sections 3.5 and
3.7.

-Coal inlet {25) and central duct (33). Denasit lining to be

replaced when deemed necessary.

Conical air nozzle (40). In connection with the recondi-
tioning of burrer pipe, the nozzle unit must be replaced if
damaged. A spare unit should always be held available. The
spare unit is available in excess length in order to avoid coin-
ciding welds.
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5.1.6_ Performance test

Burner installation (00). Move all adjustment devices to
eliminate the risk of their movement being restricted at

any location.
5.2 Faults and remedia! action
5.2.1 __Trouble-shooting chart
Observation Potential fault Remedy
Pos. 5.2.2

Large, smooth flame extending | Momentum of prima- 1

across the entire cross-sectional | 1y air too low

area of kiln 3

Hard, very bright flame Momentum of prima- 2
ry air tog high

Very short flame plume, result- | Momentum of prima- 2

ing in overheated burner {ip ry air too high
Swirling of primary
air too high 3

Unstable flame with long plume | Defective ail nazzie 4
Momentum ot prima- 1
ry air 100 low

Skew flame Defective cil nozzie 4
Clogging of coal duct 5
Dust deposits on
bumner pipe 2]




39651--03
5.2.2 Remedial action
Pos. Fault Possible cause Remedy
1 Momentum |[Incarract adustment |{Adjust, see sub-
too low section 4.1
Defective bumer Install replace-
pipe ment unit
Incorract connection |lnstall replace-
of primary air ment unit
Maklunction of fan See instruction
manual
2 Momentum |[Incorrect adjustment |Adjust, see sub-
too high seclion 4.1
3 Excessive |Incorrect adjustiment |Adjust dampsr
swirl (33)
4 Oit nozzle [Malfunction of oil See instruction
defective  [burner set manual
5 Clogging of {Penetration of coal |Retract burner
coal duct  |dust into coal duct and clean it
6 Deposits Excessive swirl or Remove deposits
- |on burner  Jmomentum regularly. Hf neces;
pipe sary, reduce swirl
or momaeanium.




SECTION 4.2

PREHEATER INSPECTION AND MAINTENANCE
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5. MAINTENANCE

5.1

Preventive maintenance, survey

.1 Lubrication

.2 Cleaning

-3 Inspection and adjustment

v 4 Checking of condition

.5 Replacement {(incl. lubricants)
.b Performance test
Pos, Text .1 .2 -3 .4 -5 .6

Gz Pipe system . 2a . A - .

03 Burner asssembly - 2n . A . .

D = per B-hour operation A numbear in front of the

8§ » weekly letter indicates freguency
¥ = monthly of procedure. Fox instance
A = yearly 24 = twice a month.

T = see text in instruction

manual
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Clean-up

Pipe system (02) and burner assembly (03)

Clean the parts and their surroundings. Always en-
sure that dust deposits, if any, are removed from
the radiation shields.

5.4

Condition checking

Pipe system (02) and burner assembly (03)

Check that the pipe connections are tight.
Check tightness of quick-acting copulings (11).

Check the condition of the pachking; replace as
required.

Check +tightness and condition of steel hoses.

Check for bakings in the gas nozzle holes.



SECTION 5.0

EPA METHOD 22
AND
EPA METHOD 9



METHOD 22 - VISUAL DETERMINATION OF FUGITIVE EMISSIONS
FROM MATERIAL SOURCES AND SMOKE EMISSIONS FROM FLARES

NOTE: This method is not inclusive with respect to
observer certification. Some material is incorporated by
reference from Method 8.

1.0 Scope and Application.

This.method is applicable for the determination of the
frequency of fugitive emissions from stationary sources,
only as specified in an applicable subpart of the
regulations. This method also is applicable for the
determination of the frequency of visgible smoke emissions
from flares.

2.0 Summary of Method.

2.1 Fugitive emissions produced during material
processing, handling, and transfer operations or smoke
emisgions from flares are visually determined by an observer
without the aid of instruments.

2.2 This method is used also to determine visible smoke
emissions from flares used for combustion of waste process
materials.

2.3 This method determines the amount of time that wvisible
emissions occur during the observation pericd (i.e., the
accumulated emission time.) This method does not require
that the opacity of emissions be determined. Since this

procedure requires only the determination of whether



visible emissions occur and does not reguire the
determination of opacity levels, observer certification
according to the procedures of Method 9 is not required.
However, it is necessary that the observer is knowledgeable
with respect to the general procedures for determining the
presence of visible emissions. At a minimum, the observer
must be trained and knowledgeable regarding the effects of
background contrast, ambient lighting, observer position
relative to lighting, wind, and the presence of uncombined
water (condensing water vapor) on the visibility of
emissions. This training is to be obtained from written
materials found in References 1 and 2 or from the lecture
portion of the Method 9 certification course.

3.0 Definitions.

3.1 Emission frequency means the percentage of time that
emissions are vigible during the observation period.

3.2 Emission time means the accumulated amount of time
that emissions are visible during the observation period.
3.3 PFugitive emigsions means emissions generated by an
affected facility which is not collected by a capture system
and 1s released to the atmosphere. This includes emissions
that (1) escape capture by process equipment exhaust hoods;
(2) are emitted during material transfer; (3) are emitted

from buildings housing material processing or handling



equipment; or (4} are emitted directly from process
equipment .

3.4 Observation period means the accumulated time period
during which observations are conducted, not to be less than
the period specified in the applicable regulation.

3.5 Smoke emissions meang a pollutant generated by
combustion in a flare and occurring immediately downstream
of the flame. 8moke occurring within the flame, but not
downstream of the flame, is not considered a smoke emission.
4.0 Interferences.

4.1 Ocecagionally, fugitive emissions from sources other
than the affected facility (e.g., road dust) may prevent a
clear view of the affected facility. This may particularly
be a problem during periods of high wind. If the view of
the potential emigsgion points is obscured to such a degree
that the observer questions the validity of continuing
observations, then the observations shall be terminated, and
the observer shall clearly note this fact on the data form.
5.0 Safety.

5.1 Disclaimer. This method may involve hazardous
materials, operations, and equipment. This test method may
not address all of the safety problems associated with its
use. It is the resgponsibility of the user of this test

method to establish appropriate safety and health practices



and determine the applicability of regulatory limitations
prior to performing this test method.

6.0 Eguipment.

6.1 Stopwatches {two). Accumulative type with unit
divisions of at least 0.5 seconds.

6.2 Light Meter. Light meter capable of measuring
illuminance in the 50 to 200 lux range, required for indoér
observations only.

7.0 Reagents and Supplies. [Reserved]

8.0 Sample Collection, Preservation, Storage, and Transfer.

[Reserved]
9.0 Quality Control. [Reserved]
10.0 Calibration and Standardization. [Reserved]

11.0 Analytical Procedure.

11.1 Selection of Observation Location. Survey the
affected facility, or the building or structure housing the
process to be observed, and determine the locations of
potential emissions. If the affected facility is located
inside a building, determine an observation location that is
consistent with the requirements of the applicable
regulation (i.e., outside observation of emissions escaping
the building/structure or inside observation of emissions
directly emitted from the affected facility process unit).

Then select a position that enables a clear view of the



potential emission point(s) of the affected facility or of
the building or structure housing the affected facility, as
appropriate for the applicable subpart. A position at least
4.6 m (15 feet), but not more than 400 m (0.25 miles), from
the emission gource is recommended. For outdoor locations,
select a position where the sunlight is not shining directly
in the observer's eyes.

11.2 Field Records.

11.2.1 oOutdoor Location. Record the following information
on the field data sheet (Figure 22-1}): Company name,
industry, process unit, observer's name, observer's
affiliation, and date. Record also the estimated wind
speed, wind direction, and sky condition. Sketch the
process unit being observed, and note the observer location
relative to the source and the sun. Indicate the potential
and actual emission points on the sketch.

11.2.2 Indoor Location. Record the following information
on the field data sheet (Figure 22-2): Company name,
industry, process unit, observer's name, observer's
affiliation, and date. Record as appropriate the type,
location, and intensity of lighting on the data sheet.
Sketch the process unit being observed, and note the
observer location relative to the source. Indicate the

potential and actual fugitive emission points on the sketch.



11.3 Indoor Lighting Reguirements. For indoor locations,
use a light meter to measure the level of illumination at a
location as close to the emission source(s) as is feasible.
An illumination of greater than 100 lux {10 foot candles)
is considered necessary for proper application of this
method.

11.4 Observations.

11.4.1 Procedure. Record the clock time when observations
begin. Use one stopwatch to monitor the duration of the
observation period. Start this stopwatch when the
observation period begins. If the observation period is
divided into two or more segments by process shutdowns or
observer rest breaks (see Section 11.4.3), stop the
stopwatch when a break begins and restart the stopwatch
without resetting it when the break ends. Stop the
stopwatch at the end of the observation period. The
accumulated time indicated by this stopwatch is the duration
of observation period. When the observation period is
completed, record the clock time. During the observation
period, continuously watch the emission source. Upon
observing an emission (condensed water vapor is not
considered an emission), start the second accumulative
stopwatch; stop the watch when the emission stops. Continue

this procedure for the entire observation period. The



accumulated elapsed time on this stopwatch is the total time
emigsions were visible during the observation period (i.e.,
the emigsion time.)

11.4.2 Observation Period. Choose an observation period
of sufficient length to meet the regquirements for
determining compliance with the emission standard in the
applicable subpart of the regulations. When the length of
the observation period is specifically stated in the
applicable subpart, it may not be necegsary to observe the
source for this entire pericd if the emission time required
to indicate noncompliance (based on the specified
observation period) is observed in a shorter time period.

In other words, if the regulation prohibits emissions for
more than 6 minutes in any hour, then observations may
(optional) be stopped after an emission time of 6 minutes is
exceeded. Similarly, when the regulation is expressed as an
emission fregquency and the regulation prohibits emissions
for greater than 10 percent of the time in any hour, then
observations may {(optional) be terminated after 6 minutes of
emission are observed since 6 minutes is 10 percent of an
hour. In any case, the observation period shall not be less
than 6 m{EEEgS in duration. In some cases, the process

operation may be intermittent or cyclic. In such cases, it



may be convenient for the observation period to coincide
with the length of the process cycle.
11.4.3 Observer Rest Breaks. Do not observe emissions
continuously for a period of more than 15 to 20 minutes
" without taking a rest break. For sources requiring
observation periods of greater than 20 minutes, the observer
shall take a break of not less than 5 minutes and not more
than 10 minutes after every 15 to 20 minutes of observation.
If continuous observations are desired for extended time
periods, two observers can alternate between making
observations and taking breaks.
11.5 Recording Observations. Record the accumulated time
of the observation period on the data sheet as the
observation period duration. Record the accumulated time
emissions were observed on the data sheet as the emission
time. Record the clock time the observation period began and
ended, as well as the clock time any observer breaks began
and ended.
12.0 Data Analysis and Calculations.
If the applicable subpart requires that the emission rate
be expressed as an emission frequency (in percent),
determine this value as follows: Divide the accumulated
emission time (in seconds) by the duration of the

observation period (in seconds) or by any minimum



observation period required in the applicable subpart, if
the actual observation period is less than the required

period, and multiply this quotient by 100.

132.0 Method Performance. [Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [Reserved]

16.0 References.

1. Missan, R., and A. Stein. Guidelines for Bvaluation of
Visible Emissions Certification, Field Procedures, Legal
Aspects, and Background Material. EPA Publication No. EPA-
340/1-75-007. April 1975.

2. Wohlschlegel, P., and D.E. Wagoner. Guideline fox
Development of a Quality Assurance Program: Volume IX--
Visual Determination of Opacity BEmissions from Stationary
Sources. EPA Publication No. EPA-650/4-74-005i. November
1975.

17.0 Tables, Diagrams, Flowcharts, and Validation Data.
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EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER
NSPS TEST METHOD
Prepared by Emission Measurement Branch EMTIC TM-009
Technical Support Division, ORQPS, EPA October 25, 1990

Method 9 - Visual Determination of the Opacity, of Emissions
from Stationary Sources

INTRCDUCTION

{a) Many stationary Ssources discharge visible emissions into the atmosphere;
these emissions are usually in the shape of a plume. This method involves the
determination of plume opacity by qualified observers. The methods includes
procedures for the training and certification of observers and procedures to be
used in the field for determination of plume opacity.

(b) The appearance of a plume as viewed by an observer depends upon a number
of variables, some of which may be controllable in the field. vVariables which
can be controlled to an extent to which they no longer exert a gignificant
influence upon plume appearance include: angle of the observer with respect to
the plume; angle of the observer with respect to the sun; point of observation
of attached and detached steam plume; and angle of the observer with respect to
a plume emitted from a rectangular stack with a large length to width ratio.
The method includes specific criteria applicable to these variables.

(c) Other wvariables which may mnot be controllable in the field are
juminescence and color contrast between the plume and the background against
which the plume is viewed. These variables exert an influence upon the

appearance of a plume as viewed by an observer and can affect the ability of
the observer to assign accurately opacity wvalues to the observed plume.

atudies of the theory of plume opacity and field studies have demonstrated that
a plume is most visible and presents the greatest apparent opacity when viewed
against a contrasting background. Accordingly, the opacity of a plume viewed
under conditions where a contrasting background is present can be assigned with
the greatest degree of accuracy. However, the potential for a positive error
is also the greatest when a plume is viewed under such contrasting conditions.
Under conditions presenting a less contrasting background, the apparent
opacity of a plume is less and approaches zero as the color and luminescence
contrast decrease toward zero. As a result, significant negative bias and
negative errors can be made when a plume is viewed under less contrasting
conditions. A negative bias decreases rather than increases the possibility
that a plant operator will be incorrectly cited for a violation of opacity

standards as a result of chservey error.

(@) Studies have been undertaken to determine the magnitude of positive errors
made by qualified observers while reading plumes under contrasting conditions
and using the procedures set forth in this method. The results of these
studies (field trials) which ipvolve a total of 769 sets of 25 readings each
are as follows:

{1) For black plumes (133 sets at a smoke generator), 100 percent of the sets
were read with a positive error of less than 7.5 percent opacity; 99 percent
were read with a positive error of less than 5 percent opacity. (Mote: FPFor a
get, positive error = average opacity detexrmined by cbservers' 25 observations
-average opacity determined from transmissometer's 25 recordings.)

{2} For whikte plumes (170 sets at a smoke generator, 168 sets at a coal-fired
power plant, 298 sets at a sulfuric acid plant), 99 percent of the sets were
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read with a positive erroxr of less than 7.5 percent opacity; 95 percent were
read with a positive error of less than 5 percent opacity.

{e) The positive cbeervational error associated with an average of twenty-five
readings is therefore established. The accuracy of the method must be taken
inte account when determining possible wviolations of applicable opacity
standards.

1. DRINCIPLE AND APPLICABILITY

1.1 Principle. The opacity of emisgions from statlonary sources is determined
visually by a qualified observer.

1.2 Applicability. This method is applicable for the determination of the
opacity of emissions from stationary sources pursuant to § 60.11(b) and for
visually determining opacity of emissions.

2. PROCEDURES

The observer qualified in accordance with Section 3 of this method shall use

.

the following procedures for visually determining the opacity of emissions.

2.1 pPosition. The gualified observer shall stand at a distance sufficient to
provide a clear view of the emissions with the sun oriented in the 140° sector

te his back. Consistent with maintaining the above recquirement, the observer
shall, as much as possible, make his observations from a position such that his
l1ine of vision is approximately perpendicular to the plume direction and, when
observing opacity of emissions from rectangular outlets (e.a., roof menitors,
open baghouses, noncircular stacks), approximately perpendicular to the longer
axis of the outlet. The observer's 1ine of sight should not include more than
one plume at a time when multiple stacks are involved, and in any case the
observer should make hisz observations with his line of sight perpendicular to
the longer axis of such a set of multiple stacks (e.g., stub stacks on

baghouses) .

2.2 Field Records. The cbsexrver shall record the name of the plant, emission
location, facility type, cbserver's name and affiliation, and the date on a
field data sheet (Figure 9-1). The time, estimated distance to the emission
location, approximate wind direction, estimated wind speed, description of the
sky conditicn (presence and color of clouds), and plume background are recorded

on a Field data sheet at the time opacity readings are initiated and completed.
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Figure 9-1.

Company

Record of visual determination of opacity.
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Readings ranged from to % opacity.

The source was/was not in compliance with at the time evaluation was

made.



Pigure 9-2. Observation record.
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2.3 Observations. Opacity observations shall be made at the point of greatest
opacity in that portion of the plume where condensed water vapor is not present. The
observer shall not look continuously at the plume but instead ghall observe the plume
momentarily at 15-second intervals.

2.3.1 Attached Steam Plumes. When condensed water vapor is present within the plume
as it emerges from the emission outlet, opacity observations shall be made beyond the
peint in the plume at which condensed water vapor is no longer vigible. The obhserver
shall record the approximate distance from the emission outlet to the point in the
plume at which the observations are made.

2.3.2 Detached Steam Plume. When water vapor in the plume condenses and becomes
vieible at a distinct distance from the emission outlet, the opacity of emissions
should be evaluated at the emission outlet prior to the . condensation of water vapor
and the formation of the steam plume.

2.4 QRecording Observations. Opacity observations shall be recorded to the nearest 5
percent at 15-second intervals on an observational record sheet. (See Figure 9-2 for
an example.) A minimum of 24 observations shall be recorded. EBach momentary
observation recorded shall be deemed to represent the average opacity of emissions
for a 15-second period.

2.5 Data Reductiom. opacity shall be determined as an average of 24 consecutive
observations recorded at 15-second intervals. Divide the observations recorded on
the record sheet into sets of 24 comsecutive observations. A set is composed of any
24 consecutive observations. Sets need not be consecutive in time and in no case
shall two sets overlap. For each set of 24 observations, calculate the average by
summing the opacity of the 24 observations and dividing this sum by 24. If an

applicable standaxd specifies an averaging time requiring more than 24 observations,

calculate the average for all observations made during the specified time period.
Record the average opacity on a record sheet. (See Figure 9-1 for an example.)

3. QUALIFICATION AWD TESTING

3.1 Certification Requirements. To receive certification as a qualified observer, a
candidate must be tested and demonstrate the ability to assign opacity readings in 5
percent increments to 25 different black plumes and 25 different white plumes, with
an error not to exceed 15 percent opacity on any one reading and average erxor not to
exceed 7.5 percent opacity in each category. candidates shall be tested according to
the procedures described in Section 3.2. Swmoke generators used pursuant to Section
3.2 shall be equipped with a smoke meter which meets the requirements of Section 3.3.
The certification shall be wvalid for a period of 6 menths, at which time the
qualification procedure wust be repeated by any observexr in order to retain

certification.

3.2 Certification Procedure. The certification test consists of showing the
candidate a complete run of 50 plumes--25 black plumes and 25 white plumes-generated
by a smoke generator. Plumes within each set of 25 black and 25 white runs shall be
presented in random order. The candidate assigns an opacity value to each plume and
records his observation on a suitable form. At the completion of each run of 50
readings, the score of the candidate is determined. If a candidate fails to qualify,
the complete run of 50 readings must be repeated in any retest. The smoke test may
be administered as part of a smoke school or training program and may be preceded by
training or familiarization runs of the smoke generator during which candidates are
shown black and white plumes of known opacity.

3.3 Smoke Generator Specifications. Any smoke generator used for the purposes of
Section 3.2 shall be ecuipped with a smoke meter installed to measure opacity across
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the diameter of the smoke generator stack. The smoke meter output shall display in-
astack opacity based upon a pathlength equal to the stack exit diameter, on 2 full 0
to 100 percent chart recorder scale. The smoke meter optical design and performance
shall meet the specifications shown in Table 91. The smoke meter shall be calibrated
as prescribed in Section 3.3.1 prior to the conduct of each smoke reading test. At
the completion of each test, the zero and span drift chall be checked and if the
drift exceeds 11 percent opacity, the condition shall be corrected prior to
conducting any subsequent test runs. The smoke meter shall be demonstrated, at the
time of imstallation, to meet the specifications 1isted in Table 95-1. This
demonsktration shall be repeated following any subsequent repair or replacement of the
photocell or associated electronic circuitry including the chart recorder or output
meter, or every 6 menths, whichever occurs first.

TABLE 9-1 - SMOKE METER DESIGN AND PERFORMANCE SPECIFICATIONS

Parameter Specification

a. Light Source Tneandescent lamp operated at nominal
rated voltage

b. Spectral reponse of photocell Photopic (daylight spectral response of
the human eye - Citation 3)

c. b&ngle of view 15¢ maximum total angle

d. nngle of projection 15¢ maximum total angle

a. Calibration error +3% opacity, maximum

§. Zero and span drift +1% opacity, 30 minutes

g. Response time 5 geconds

3.3.1 Calibratiomn. The smoke meter is calibrated after allowing a minimum of 30
minutes warmup by alternately producing gimulated opacity of 0O percent and 100
percent. When stable response at 0 percent or 100 percent is noted, the smoke meter
ig adjusted to produce an output of ¢ percent or 100 percent, as appropriate. This
calibration shall be repeated until stable 0 percent and 100 percent opacity values
may be produced by alternately switching the power to the light source on and of £
while the smoke generator is not producing smoke.

3.3.2 Smoke Meter Evaluation. The smoke meter design and performance are to be
evaluated as follows:

3.3.2.1 Light Source. Verify from manufacturer's data and from voltage measurements
made at the lamp, as installed, that the lamp iz operated within 5 percent of the
nominal rated voltage.

3.3.2.2 Spectral Response of Photocell. Verify from manufacturer's data that the
photocell has a photoplc response; i.e., the spectral sensitivity of the cell shall
closely approximate the standard spectral-luminosity in {b) of Table 91.

3.3.2.3 Angle of View. Check construction geometry to ensure that the total angle

of view of the smoke plume, as seen by the photocell, does not exceed 15°. The total
angle of view may be calculated from: E = 2 tan! (d/2L), where E = total angle of
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view; d = the sum of the photocell diameter «+ the diameter of the 1limiting aperture;
and L = the distance from the photocell to the limiting aperture. The limiting
aperture is the point in the path between the photocell and the smoke plume where the
angle of view is most restricted. In smcke generator smoke meters this is normally

an orifice plate.

3.3.2.4 BAngle of Projection. Check construction geometry to ensure that the total

angle of projection of the lamp on the smoke plume does not exceed 15°. The total
angle of projection may be calculated from: E = 2 tan™? (d/2L), where E = total angle
of projection; d = the sum of the length of the lamp filament + the diameter of the
1imiting aperture; and L = the distance from the lamp to the limiting aperture.

3.3.2.5 Calibration Error. Using neutral-density filters of known opacity, check
the error between the actual response and the theoretical linear response of the
smoke meter. This check is accomplished by first calibrating the smoke meter
according to Section 3.3.1 and then inserting a series of three neutral-density
filters of nominal opacity of 20, 50, and 75 percent in the smoke meter pathlength.

Filters calibrated within 2 percent shall be used. Care should be taken when
inserting the filters tec prevent stray light from affecting the meter. Make a total
of five nonconsecutive readings for each filter. The maximum error on any one

reading shall be 3 percent opacity.

3.3.2.6 Zero and Span Drift. Determine the zero and gpan drift by calibrating and
operating the smoke generatox in a normal manner over a l-hour period. The drift is
measured by checking the zero and span at the end of this period.

3.3.2.7 Response Time. Determine the response time by producing the series of five
simulated 0 percent and 100 percent opacity values and observing the time required to
reach stable response. Opacity values of 0 percent and 100 percent may be simulated
by alternmately switching the power to the light source off and on while the smoke
generator is not operating.
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